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Environment (COMRATE) to stvidy four '^:opic areas of mineralx^e sources 
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report of the technology panels is a broad coverage of the entire 
area under consider ation. yhe panel presented aii oj^erview summary of 
•the large body of contributed essays on specific aspects of the 
topic. Sections II and III, tiie reports of the supply and environment 
panels,'' are case studies. Section II discusses supplies of the fossil 
fuels and of -copper as major representatives of two categories of 
mineral resources. For section III, coal was selected for exclusiv^ 
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•XHCirriVH SUMMARY ■ ■ 
INTRODUCTION ' 



TWO POINTS OF VIEW 



' • Minerals are the staff of civilized living, and growin'g concern with 

ttteir continued availability artd efficient use was the impetus for this • 

^ report n the course of its study, the^ommittee on Mineral Resources-^and- . 
.)rEnvironn,ent (COMRATE) recognized that two increasingly polarized schools 
of thought are becoming entrenched concerning the future adequa,cy of the 
world's mineral resources and l!he environmen-ta costs of winning ^h^^^^The 
study 9f the general issues involved-demand, ^"PPl^ ' ' 
mentll impact of product ion-by the four COMRATE panels has resulted in find 
ings which may go some way toWkrds reconciling the two extremes. . , 

The "doomsters" see a futur^;"in which catastrophic exhaustion of , ' 
resour^esM^ inevitable unless drastic measures -^'-^^^^ -^^rar^^" 
oro>vth In opposition, the "cornucopian" view fnaint^iins that mineral 

Resources are'economica I ly , and, for any future ^^^^ ->;^^°"";" "^r; P^.^^nied 
cllv infinfte This unfesolved conflict in economic, thought was represented 
; hln^O R^^^^^ as well, and is illustrated by ^he dis.enting opinion 

..^i^gka to the Report of the Panel on Demand for Mme^l Resources (S.ection 



There are fallacious assumptions and potentially dangerous consequences ^ 
inherent in both extremes! The "doomsters" .pay too l"^^^^tf!n'o under and 
-idl^stment potential of the market mechanism, and general ly ^f ail to ynderstana 
tie istinc?ion between "reserves" and "resources." Their gloomy outlook is 
b'sef V a "fixed" supply of materials and fails to recpgnize that the supply 
a :naXe changes as piice rises and^, technical advances - e « grad 
resourceV economically and physically more accessible. The danger of this _ 
appro,ch\lies in its encouragement of alarmist °f ^^J^^^^^^" °" ^.^^^ Pf ,he 
.podicymakVrs, which may in'turn have unnecessarily disruptive effect^ on the 

'economy arid society as a whcSle. 

The "cornucopians," on the other hand, rely too heavily on the ^n^rket^ 




J 



4? 



l-rp^,. • ."i " '^>:i^"^'\^~'^'-^ insutTiclontly represents the increasingly 

IZ^^r^^-J^'V "J ''''^r''^^'''' lead times invotvod/ 

" IIL^ oaersy- factor [the energy cost involved in the tcchnoloRy of in- 

creasing,product:..onJ, and the fact that although 'technology has always Jome 
,up wxtlxan answer in the past, its solutions ha.ve always had he^r socia? 
environmental or ocononnc costs. These costs can no [onger £ gnore a^d 
mduJn oTllT ' SP^^'^^i^-'^l 'in'it to the economic/technologic'transfor- 
caJ basis o/^hT'' "^^rves. More importantly, the economic/technologi- 

its -^dh^rohf ^^^'^^oop,^n argument is derived from the very :assumption 

of shoJtaPb wh",""'''r' ^i^P-°--^ it is shortages and publ ic'awareness 
ot sho ta^fcs whLch provide the incentive for increased production, techno- 

i^'ib" col^con"''""' ^-f^-iency of use. ' Thfparadoxi^a L'l t 

pfonLcies in'^r '""f^8^,™^y.t'^"^ be the fulfillment of the Cassandras- 
prophecies, _the relaxed climate fostered by anticipation of plenty' \here 
will be no apparent urgency for setting in motion the economic and techno 
.logical mjch;*nery for maintaining that plenty. This is a particularly impor- ■ 
-sufffcwr "'"'^^ "^'^^^ maintenance or attainment of'sei? ■ 

Unft^H^t^Lr T.T ""^^"^^^^^ concerned. COMRATE believes that the 
United States wi jl face serious difficulties in attempting • to j^ncrease some 
CoKrbM T^'""' raw materials from domestic soAces. ndeed, 

COMRArt believes it is doubtful whether even current levels of supply can be 
maintained for all materials. suppiy can be 



of h ? problem modferately, we ^.ust draw togetfier the valid arguments 

this ^udv i h °' conclusion t^hat .has emerged from 

of H.n Vo^ ^ ^ no means .a counsel of despair. But separate consideration 
of the complex problems involved underscores the need (1) to husband 
7^TTJ.tl\i^^ generate information in areas where it is inadequate'; a/d ' . 
(3) to v^ackle immediately pr^lems where there is Adequate information^ to - 
torm a basis for new action or for .augmenting ,existling efforts. Such 
actions yiould always be designed to Conserve resources and incr'ease effi- ' 
ciency ii\ their use. 1 • 

\ THE THENlfe OP INTERDEPENDENCE ' t ' ■ . 

^ x '■ ' \ - ' . ■ 

.n.n-f" ^^M^'Pf'^t^ °f t'^e Study, Whether during detailed consideration of a 
-specific miripal or process or in the wider arena of resource supply and 
demand, the theme of interdependence has insistently claimed attention. It ' 

s?l^^H°'"' ^rr^- "^^^u^"^^"" ^^P"^^ °^ materials policy can be con- " 

sidered in isolation The complex interactions within the materials cyc^l^" 
the two-way street of energy/minerals production and the'effe'cts of bo^h o^ 
environmental considerations, the need for Reconciling the interests of 
government, industry and the consumer, and the interrelationships of national 
and international policy have emerged as' essential ingredients at every e^e 
wf.rio?^ formulation Efforts to increase supply should be made concurrently 
w^lth policy aimed at decreasing demand; technological progress in substitution 
and recycling should be stimulated along with, not independently of the 
encouragement of a conservation ethic. - 
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The National Research Council (NAS/NAE) has been aware of and responsive 
to the urgent need for study of these and related issues. In the tWo years 
of their existence, COMRATlf's panels have attacked selected problems m 
mineral resources, amplifying points raised in earlier reports, such as those 
by the National Commission on Materials Policy* and the Environmental Studies 
Board . 



GENERAL CONCLUSIONS 



Some general Conclusions emerged f rom^ the panels' separate deliberations. 
Although the time span for this first COMRATE report has not allowed all- 
' encompassing conclusions to be drawn, .those conclusions that have 'been drawn 
have many implications for policymakers. 

1. Nl-ineral resources become available for man'^ use by a complex and 
lengthy process which, on a worldwide scale, relates intimately"^ (a), natural 
process (b) man's knowledge and technological ingenuity, and (c) man's 
economic, social, and ethical concerns. Efficiency in use and avoidance of 
waste in both mineral resources and their end products are essential to 

'Alleviate immediate economic strains, and are even more essential if we are 
"to avoid preempting the resources needed for future generations. Policymaking , 
at all levels should recognize interde-pendencies -within the materials cycle, 
among nations,' and anjong the various users of mineral commodities^^ But, above 
all, we should ^opt a conservation ethic that has at its heart avoidance of 
waste arid more ej^ficient use of materials. • 

2. Widely divergent methodologies, based largely on individual judgment, 
are used both in forecasting demand for, and in estimating supplies of, 
mineral resources. There are qarrentl.y no standardized techniques for making 
either long-term demand forecasts or resource estimates nor are' means avail- ^ 
able to assess adequately the accuracy of the existing methods. 

3. ^ Reliable data on. mineral resources are difficult to obtain because 
of their proprietary or international nature-. "This affects supply estimates. 
In the U.S. 'much improvement is stilfneeded in the work of the U.S. Bureau 
of Mines and the U.S. Geological- Survey in the collection, coordination, 
standardization and dissemination of mineral resource data. 

4. Definitional vagueness and numerical, imprecision "afflict discussion 
and publications, both inside and olrtside government, concerning mineral 

*Material Needs and the Environmeirt Today and Tomorrow: Final Report of 
the National Commission on Materials Policy, Washington, D.C, U.S. 
Government, Printing Office, June 197,3. 

**Man Materials and the Environment: "A/ Report to the National Commission/ 
(3n Materials Policy by the Envirohmential Studies Board of the, NAS/NAE, 
Washing-ton, D.C, March 1973. . • 
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resources .The notions of reserveis a^d resources used in th'is report - 
(Figure 1) ,' which were , recent ly formulatecf for use by the United States 
Bureau of Mines and the Unipd States Geological Survey, could also serve as 
a common frame of Preference' for all resource discussions. Units of measure 
used for r^esources are diverse and cumbersome Recognizing the interdepen> 
dence of rfesrources, common ^scales for units and for quantities should apply 
to resource estimates. In addition, the gathering of resource data should 
be refined and systematized so that standard error ^r confidence level 
appreoiations can be applied as elsewhere in the physical sciences, " ' 



\ 
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FIGURE 1: Classification of Mineral Resources 
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SUMMARY OF PANEL FINDINGS AND RECOMMENDATIONS 



GENERAL 



Within the vast area of mineral resources and the environment covered by 
its terms of reference, COMRATE carved out four, provinces for study by 
separate panels: "technology, supply, the environment" and demand. In address- 
ing their al lotted" topics , the four panpls adopted approaches that, differ in 

some*important respects. ' „ _ 

» * , .. • 

Section 1, the 'report of the technology panel, entitled Materials 
Conservation through Technology, is a broad coverage of the entire dr&a under 
consideration-. To. solve the problems of space and readability involved,, the 
panel presented an 'overview summary of the large body of contributed essays 
on specific aspects of Ihe topic. The contributed essays have been collected 
in a separate Appendix volume which, whi-^e it does not necessarily reflect 
ultimate panel consensus, nevertheless provided extensive documentation of 
the panel's findings. The Appendix volume, for which a table of contents 
appears 'on page 346, is available on request. .J 

Sections I'fand. rn--the reports^of the supply and environmej^t panels, 
entitled respectively Estimation of Mineral Reserves and Resourc^es, and 
Implications of Mineral Production for .Health and the Environment--are case 
studies.- Section II discusses supplies of the fossil fuels and of copper as 
major representatives of two categories of mineral resources. For -^Section 
III, coal, was selected for exclusive study because it is a material whl?se pros 
nective \astly increg-sed exploit'atidn wil 1 raise important environmental <^ 
questions'. Both Se/tions II and III are thus il lustrative of the general 
is'suGs Involved in mineral production and use. 

The report of the Deniaild panel , entitled Demand for Fuel and Mineral 
Resources (Section IV) ad^opts the more generalized approach. It sets the 
specific cKiestions of technology, supply and environment addressed in the 
preceding s^tions in the larger socio-economic perspective 6f demand for 
energy, and of the implications of d-eihand forecasting for bdth supply and 
demand for minerals. 

Sections II, III and IV, like Section I,^are augmented by sep.arate 
Appendix volumes', which again do not necessarily reflect COMRATE or panel 
opinL-on. These Appendi-ces, unlike the substantial information-base Appendix 
.to Section I, contain only selected inputs, which expand or document certain 
aspects of the main report, and which may be 'of use to readers, with a 
special interest in following up on background data. All four Appendices are 
available, separately or together, on request. A contents list of material 
contained in each Appendix appears at the end of the report. (Annex lllj • 
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. REPORT OF 'THE PANEL ON MATERIALS CONSERVATION THROUGH TECHNOLOGY, (Section I) 

Contents and Conclusions ^ 

Tho report of the PaneL on Materials Conservation Through Technology 
(hereafter called the Technology Panel) concludes that technology will 'not 
always be capable of closing the gi^owing gaps between Rising demands and 
limited supplies of mineral resources. - While technology can do much towards 
conserving resources, it cannot do everything. There are limits to effi- 
ciency, .to substitution; anii to other technoldgica 1 responses. The Panel, 
concludes that* the federal government -should' proclaim and deliberately pursue 
a national policy of conservation of matei:ial5, energy, and environmental 
\rcsources. / ' / - , 

Following an introductory c'k^pter^ outlining the main theme and listing 
recommendations, the first ^part of 4:he panel's report (thapte^r II) provides 
a general philosophical and policy framework which is essential to technical 
considerations. Interdependency is the basic 'theme : interaction between 
social "and technological issues predicating a concerted attack by social 
scientists and technologists v > interdependencies within the materials cycle 
which preclude the study of any sector of component in isolation;- and chain 
reactions in international competition and cooperation. Overall conclusions • 
and recommeadations center on a "project interdependence" involving a con- 
servation ethic that specifically includes efforts at efficient stockpiling 
of both ipaterials afid processing capabilities. 

Chapter. II also outlines the limitations on technology imposed by 
constraints of capital, manpower, physical and technical considerations, and 
time. An en6rmous amount of capital investment will t>e needed for energy 
suppUes-- through 19„85, about 35 per cQiit of.- all available investment capital-, 
as coiT\pared with the current 22 percent--jdistorting the whol^e .investmen^t 
picture and denying needed capital to other industries, including the mlineral 
industry. Lack of adequate manpower could be offset, not so much by an effort 
to increase the total stock, as by deployment of existing manpower and 
acceleration of autom^ion. /Despite an abundance of alternative e^rgy 

icar^c 



technologies, physj^cal^onstraints on progress may eventually be i^osed b^ 
environmental considerations. The Palnel ther^:^re considers it important 
for the Government "to develop, publish , and jLipdatei data on the energy and 
^ pollution co-nsequen(2;^s of recovering/' values from lifted reserves and re- 
♦sour'ces." The time constraints, the" long lead-times invol/ved in effecting 
technological substitution, lead to the conclusion that ±f\ general it is 
dangerous to rely on the -^proispect ^^f Immediate technologyca/l ^'fix." R^D 
should be undertaken to provide lohg-ierm a/nswirs; in thie short- term, / t/he* 
need is for redeployment and rearAngemeW df/existing technology. // 

f' V' r / ' /i ' ' ./ 7 ■ 

The report goes on (Chapter// 1 M) L6yUi/cuss/ technological opportunities 
in the materials cycle to offset sfiortagyfes/ Thi chapter reviews thV tacticys 
^or science and technology consislent/w^^th 
%Qf the- necessity for conservation irr the materials-ener.gy-environrafent system. 



Under the headings of Energy Sources, Pollution Control, Mineral Exploration, 
Mining Benefication, Primary Metal Production, Recycling, Product Design^ 
and Substitute Materials, technical activities already being pursued to this 
conservational end are endorsed and new or intensified efforts are recom- 
ine-nded. The identification within each topic of specific technological • 
opportunities to counteract shortages is amplified;by- detailed treatment in 
the Appendix 'to this section. (See Table of Co,ntents-of Appendix to Section 
p. 346.) - ' . 

■•, / ■ • 

Recommendations 

1. TM Technology Panel recognized nteds leading to 12 ^ 
policy recommendations, primarily for Federal Government action 
(see p. 'f?-18). The major emphasis of these recommendat^ons zs' ^ . 
that conservation of materi>als through all their cycles,^ involving 
extraction, use, reuse, and ultimate discard, is ess^tial, as is 
careful consideration of energy needs and environmental -conse- 
quences of these cycles. Examples of these dq^led recommenda- 
tions are: ' (a) to establisH equitable interAat%onal agreements ^„ 
for sharing of' natural resources; (b) to create national stockprles ^ 
of vital materials; (c) to provide federal 'support' for manpower 
traiMng and education and for automation in the matervals rndustry 

* as a means of increasing efficient production; (d) to estabUsh a 
capacity for long-range forecasting of materi^ resource suppUes 
and for predicting the energy needs 'and environmental and socvaL 
consequences of developing these resources. 

2. The Panel has also made a set of 40 recommendations in 
nine specific areas of minerals and materials technology, refleating 
the policy recommendations and applying them to all aspects of 
energy and materials production and use from exploration' thrqugh ■ 
production, application, and final disposal. (See p. 20-23.) The^ 
recommendations concern the possible applications- of present and 
future technology both to more efficient use of known suppUes ^ 
and to the reduction of demand ^rough substitution, conservation 
and recycling. ' ' ' ^ > 

REPORT OF THE PANEL ON ESTIMATION OF MINERAL 
. RESERVES AND_RESOURCES (-Section II) 

' : ■ \ Contents and Conclusions ^ 

/Tt/e Panel on Estim|d;ion of Mineral Reserves and Resources (hereafter 
call/ed/the Supply PanelT addressed itself to current methods of estimating 
minlrZl reserves and relources and the quality of current resource estimates. 
At A /time whenithe adeauacy of mineral supplies to meet future needs is 
being questioijk and c/oncern is growing over the increasing dependence .of the 

° •■ / ' ^ ■■■ • ^ y 
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United States on sources of minerals abroad, it is^ essential t.hat ^the best 
possible estimates of reserves and. resources of minerals be available. Such 
estimates are a first; and necessary basis for national policy with regard to 
minerals . ' ' ' . - \ 

The panel reached ^two general c^clusfon^ on the necessity of improving 
estimation methods (see p. 77-78): ' *' ^ 

1. A major problem confronting attempts to improve . estimates is the 
difficulty of bringing into the public ddmain proprietary information gathered 
by private organizations. Bringing such information together with' that 
available from government fiJes, without negating proprietary values, would 
enormously facilitate the Maintenance of a running inventory of resources, 
and greatly increase the' accuracy of resource estimates . y 

2. A seco^nd deficiency of current resource estimates is^ their -inadequate^ 
reci^pnition of the economics and possible rates of mineral production. Esti- 

*^atioX o# resources in the ground should be supplemented by' engineer ing and 
.ec<3)nbmic studies of factors influencing rates of ^ production and processing. 



Reserves and ResoiArces of Fossil Fuel%, 

World resources of coal .are large relative to current energy'' require- 
ments;. Resources appear adequate for hundreds of years, even at considerably 
expanded rates of prodH|ftion, but world distribution of.coajl.is uneven, the 
principal depo^^its beinj| in China, the U.S.S;R., and tWe United States, World 
resources of petrole^ry and natural gas are more lijiuted and will be substan- 
tially consumed by tlyf first quarter of the twenty-first century if world 
trends of product ioo/arrd consumption continue. . — - 

Undisco^^^tfd recoverable resoui^ces of oil and natura^^^as^ onshore and ■ 
offshore, in^^le United States includihg Alaska, are co^iderably smaller' 
than indicated r>Y figures, currently accepted within governftieWl "ciiicl es . In 
the >adgment of thfexj^iel, the figure approximates 15 billion metric tons 
(tonnes) (113 biLlion Crast^rei^) for crude oil and Natural Gas Liquids (NGL) and 
15 X 10^2 cubic meters (55t>s^^^l2 cubic] feet) for gas.* (See pp. 87-91.) ^ / 
A large increase in rates of Unlrt^i^States production e>f petroleum and natu'r'al 
gas is extremely unlikely.' 



Both world a\id United State^ resources\f^ pejirolej^ in oil shales and 
tar sdnds are large, but many te^dinical, econcSnic, and environmental problems 
must be resolv.ed before significant rates of p:^oSi4cti/on from these resources 
can be achieved; 



*vm ^ ft» 4*» (a«iate>!i(»l#-"<a 



^U.S. consump^tioh of"oil and NGL for 1973 ^w;a^ 6 billion barrels, and for 
natural gas was 23.4x10-^^ cubic feet. 
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The report^ecognizes the enormous value of petroleum, as a, source of 
energy in th.e medium term," ij. view of the lead times of a decade ' 
required to de/el op" alternate sources .of energy and hydrocarbons The report 

also stresses the/importance of petrpleum ^^^.^ l^^-^^^-^^^^Xc; ind^oendi^ 
raw materials, /qn'^l^sions based-^on these findings are thy/U S. independence 
from external sou^Ls^s essentially impossible 6n thB bas^-of increased^ 
production of petroleurtv^ng the next decade, ancf that / strong, emphasis on 
conservation is necessary. 



Reserves and Resources of Copper ' - - 

The report, concludes, that an ore-grade of about O.l^pe^^cent copper rep- 
"resents X. point beyond -which mining and recovery of copper is ujilikely to 
proceed. The world's copper Resources above this g^^^e are on the order of ^ 
V4 x.lOlO tons of metal, and.approximately 3 percent of this to.tal has al- 
ready been mined or blockqd out as mineable reserves' in currently worked,, ^ 
deposits . ^ ' ' ' , , * 

united States reserv,es ^ copper^ are at least 'sO x 106 toAs -of metal . 
approximately 40 timfes current annua-1 consumption of new ^^PP^J^^'^;^; " 
t?onal discoveries at a s ignif icant,, r^te -^'^ -^^^^f^^^^^^^ 
^St^ates production rate is to be maintained until the eii^ of ^he^century 
Pane r-s recommendation for copper, therefor^, concentrates on the need -to 
aid and stimulate effective domestic mineral exploration and production 
wirld reserves of copper are large, and world ■ supp.ly /for th'e remainder, of 
the century will depend primarily 6n creation of, additional mining and 
smeltilig capacity. * 



The 



Recoinnvehdations 



Reserves and Resources of Fossil Fuels ^ 

1 Ksti'mates of proved vesfivves and undiscovered resources 
&f petroleum and natural gas indicate that a large increase vn 
annual production from conventional -domestic sources ^s extremely 
unlikely. .In view of this and the importance .of petroleum as a_ 
; source of both energy and chemical raw materval^ and because a 
decade pr more will he required for large-scale^velopment of 
alternative sources of energy and- hydrocarbons, wey ecormend 
that policy ^toward^ the use^of petroleum and natural gas place a 
strong" emphasis on conservation^'- i 

'2. A very large untapped domestic petroleum resource, which 
could he as large ^as lOO hilUon barrels, Ues^ in partly depleted 
. ' oil reserVQirs, and reservoirs^ no longer ^"^^^^1!, 
using present technology. We therefore Yecormend that research 



and development to increase the reoovery of petroleum^ from , ' 

oil 'reservoirs be' pursued vigorously, > , • ^, ^ ' ^ 

.... ' » 

Reserves and Resources of Copper * < - ' 

• • ' ' p ' " ' ' \ ^ 

The avazlability of copper from domestic deposits during 
the remainder of the century depends to a^-et^ificant extent on 
success in di^bcovery of new domestic copper deposits. We recommend 
that exploratzon for copper be stimulated, and thai means of ' 
,%mprovwg the^ effectiveness of exploitation he investigated and 
supported. . . • — 

• ' /• " ■•■ ■ - . 

, 2. Copper ve&ouvces in manganese nodules on the floors of ' 
the deep seas are apparently as large as developed reserves in'^ ' ° 
conventxonal deposits on land. ■ Beaause- there is uncertainty as ' ' 
to the ability o-f the United States to meet demands for copper 
. from domestic sources, we recomnlend thai developing the recovery ' ■ 
. of aopper and associated metals from these nodules be encouraged 
wzth due regard to the potential . impact of undersea mining on 
the 'environment . , - 

a. 

REPORT OF THE PANEL ON THE IMPLICATIONS OF, MINERAL PRODUCTION* FOR HEALTH 
■ ' - / AND THE ENVIRONMENT--THE CASE OF COAL (Section III) 

Contents and Conclusions „ .,'<'• 

The probable key role of coal in' the- future energy needs -of the nat'iofT 
IS well established. Consequently, the large increase an coal production to 
be expected makes consideration of^ potential environmental impact imperative 
The Panel on the Implications of M:^neral Production for Health and the 
Environment (hereafter called the Environmental Panel) has therefore con- 
centrated on some important environmental problems associated with coal 
production and use, focussing on human health and safety and on certain 
impacts on the ecological system as a whole. No precise dolla/ values cdn- be 
placed on the damage of such impacts, but it is clear that they are poten- 
tially large »nd important both in themselves and in the general' issues they 
rai4e "for minerals policy. ■'' , ^ 



^ Two important health effects were considered: Coal Worker's Pneumocon- 
i6sis, with Its enormous attendant costs, and the pulmonary effect of air 
pollution on the public at 'large. Particular attention was^paid to recent 
evidence on emissions of sulfur oxides and their subsequent, conversion to 
particulate sulfates. The conclusion was reached' that current analysis and 
clean-up methods, in concentrating on larger particles, may not be approachin 
the problem correctly. There is evidence that smaller particles may not 



only be more harmful to heal^i but are also an^important contributiort to the 
oxidation of SO3. to s'Ulfate, and, further, to acid-rain, -a matter of increas- 
ing ecological concern whei^c 'further^ research is vv'arranted. ^ " ' , 



general conclusion of the f*eport( i? that monitoring is inadequate, 
and that tunds^ for 'the study of environmental impacts of fossil fuels shou 
:reased 



Id 



.b^/'l'nci 



iliiend'atic 



Recommendations 



Mine Health and Safety ' ^ 



. 'a- .2.? Th^ expected larg^ increase ixi, numbers of miners makes " 
--■■■^ urgent the need to overhg,ul methods of detection, diagnosis^ an^ 
cQmpensatioh for Pneumoconiosis in the natioru's Black Lung 
Disease program. 4^ • • ' ^ / , . 

2/ .Because most coal mining accidents 'invplv^ inexperienced 
>^ . ^miners, it is"^, recommended^ that a .comprehensive yr^-.entry train- 
""ing program be mandatory- for the influx of miners expected as 
a resu It of expanded production, Supported by ong.ovng tra^n^ng 
of working miners. , , , ' " . - 

Public Health - _ ^ . 

.In view of the effects of ■ sulfur poliui^n^s, and especially 
of the associated acid -rain, on the ecology md health of the ^ 
nation, the"" Panel ^strongly Recommends: '/ . 

' i. studies (aided by a national monitoring >ietwork) of the^ 
' cycles, interactions, and chemistry of sulfur '^nd vts compounds 
from, emission to absorption; ' ^ " ''^^^ - . 

2. the redesign of protection standard^ - md" attendant 
sampling systems because y^ur rent sampling systems do not 
propeMy reflect how aulfur oxides and sulfates do^'their^^ ■ 
damage; and I .» " ^ < ^ 

3. immediate development and installation of sulfur 
axiaes removal, equipment . in current sulfur oxides ^ emitting 
operations, development of cleaner fuels', and the acceleration 
of more efficient processes tbai^will reduce the oveirall 
emission of sulfur oxic 
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RGPQfrr OF Till: PANEL ON DBMAND FOR FUEL AND MINERAL RESOURCES (§ection IV) 

\ ^ " Contents and Conclusions * 

The report of. the Pivu^l on Remand for Fuel and Mineral Resources (here- 
after called the Demand Panel) addresses the problem of demand for mineral 
respurces and the significance of demand forecas/ts. The report ^^points out 
that national obsession w.ith expanding supplies arises from the dramatic gap 
between projected demand and projected supply. But acceptance of thdj exist- 
ence of this gap and^ of the ne^d to cl^ose it^" through expanding supply pre- ' 
supposes both that the demand projections are -valid and immutable and that 
demand can bo neither stabilized nor reduced. As a consequence of' such a' * 
supposition, demand projections can bedome self-fulfilling. / " 

The report challenges the credibility of the projections and the assump- 
tion that they are not susceptible • to change, and^strongly emphasi^es^the 
potential for influencing, demand through the? mafJiet mechanism, through policy, 
and through technology. Thls^ .^potent ial , in the Panel's view, has been 
neglected relative to th^t for influencing suppl-y. 

The report first" reviews thc^state of the art in demand forecasting for 
mineral resources.' This is important because assumptions abdut future demand 
are a basis for policy decisions; and, sfnce demand forecasts can'be self- 
fulfilliiig as nojjsd iib5ve, it becomes essential that their conclusions be^ 
substantiated. The feanel therefore commissioned a, bibl idgraphic review of 
forecasts ^for' energ>\demand as a starting point for its own general analysis 
of the kind of assumm:ions and methodologies > that have been influencing 
policy. (The bibliographic review is presented Tn the separate AppenSix 
volume to this Section . ) ' ' 

^^General conclusions reached on the state of the art (Chapters XI and 
XII) were thaf Vorecasting techniques are, in general, relatively primitive 
and that ther^^iV need for improvement in terms of definition, aggregation*, 
correlation vjit^ supply forecasts, and specification of data. Vhe demand ' 
panel has concluded that inadequacies in thesp respects have apparently 
created a tendency toward upward bias that exaggerates demand. This contras/s' 
with forecasts of a decade or so ago that tended to underestimate demand / 
because they did not appreciate the effects on demand of relative declining/ / 
prices. Such relatively declining prices, however, are unlikely to recur.// 

• /The bulk of the report (Chapters ^II-XVI) examines sources and ,compon/nts 
of demand structures, first, to provide material for improving , forecasting^/ ' 
and/second, to identify areas 'of demand susceptible to policy. ' Specific^ 
coi4>onents considered aje: GNP, population, consumer r^esponse to shortages - 
and. price changes independent social changes, and the accounting of hidden 
cost^s in the price of minerals. Chapter XVII suggests' applications of the 
fiiidings of the study as a vvholi^ to developing designs for' future forecasting, 
stressing the immediate need for sho^^t-term foi^'ecasting on the one' hand and 
for research ii4to long-term projecting on "the other. \ 
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The panel's conclu.sioil: that study of demand for resources ' c(ui readily 
be neglected because of historical emphasis on increasing supSplies, led to 
its recommendation in Algust 1974 that the Commission on Natural. Rcspurces 
of tjie National Research Council establish.a Resources Demand Board" to 
focus research on this demand component as a policy variable. The contri- 
bution of this panel's -report has been a delineation of the major problc;irs 
facing demand -policy, .in terms ,of inadeq^fate information, inadcquate^d^clop- 
mcnt of forecasting techniques and inadequate consideration of means for 
'influenciitg -(kjmand. The scope and magnitude of the issue of demand for 
re§om-ces has confined the panel to identification of the problem and to a 
Wry general indication of potential directions for further study and, 
ultimately, policy. It'' is hoped that these gcnci-M vPindings will provide a 
foundat;ioh for the detaifed research and specific rccammcndations of a 
•Resource? Demand Board, on such issu'e.s as means for in/proving forecasting, 
the- effects, of price^ changes, governmental regulation', and secondary effects 
of changing-market responses to restrictions. The e.stablishmcnt of such a 
Board is currently' under consideration. • • 

In the meailtime, the panel's own deliberations have enabled it to come 
up with some general recommendations which could be ''followed up. immediately . 
These are given in detail in the concluding chapter of Section IV; wliich, 
endorses the need for a conservation ethic emphasized by tiic Technology and 
Supply Panels, and lists recommendations for integration aVid analysis of 
information and for policy directed towards reducing demand.. These are 
summarized below. 



Recommendat ions 



/ 




Neede.d-K«f?^ch and Its Use 

' 2.' Collection ,and\halij sis of^irlfomation-on demand 
response /to price, income," shortage and similar matters, should 
be undertaken. ' - \ 

^. Technical ability to mdke more acdurate short- and 
lon'g-/term forecasts, using this information must be j-tmproved." 

3. A governmental instrumentality should be established 
to encourage and make usq of the studies rechmmended in 1. and - 
2. ' ■ • ' ^ 



National- Policy 



\ 



- / 2.., All federal policy actions and legislati(hi, existing 
and proposed, should be modified or- designed to mdve resoiwce . 
■ use demand downwards, mainly through the market medhamsm. 
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Ps. Procedures for comperiGation to segments of tM soeiety 
under adverse effects of resource shortages or price increases^ 
or both, should be designed to alleviate these problems. 

3. Education, publicity, and similar campaigns should 
be instigati'd to lead the nation towards a strong ''no waste 
ethic," . - 




/ \ 
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, CHAPTER I 
INTRODUCTION TO SECTION I 
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Faced with growina strains between the supply of mineral resources and 
the demand for them, soci^ety reacts in two general ways: (1) it assumes that 
economists and legislators wil,l be able to manijiulate appropriately the socio- 
technical environment an\ (2) it assumes that technology will be able to 
relieve the ^strains. TluV Section is 6on.cerned, primarily with the secoij^f 
reaction The problem of imbalances between supply and dejnand is addressed 
in the context of the total materials cycle, and ways ar^ sou^ght m ' 
technology can increase the supply of needed materials and reduce the-^and 
for them or both. The theme is how technology can contribute to conservation 
of the earth^s resources of materials and energy^ aijcl maintain its environment . 
The Panel offers no universal panaceas that will Kanish the problems, ^but it 
proposes steps that shoulld move the nation in the Mght direction Though 
technology can do much to' conserve i^esources, it caWiot do eve.rything; and 
furthermore, what it can do Jtkkes time- and involves Vn/ st^s . 
- • , " ' \ 

\whileSectian I is basically concerned with technological issues, these 
cannot be divorced from somfe broader, concerns which are'^eviewfed in Chapter 
^[ and whic;^ lead to certain policy recommendations tha^ are principally 
nontechnical. Chapter III covers the recommendations f©r action by the > 
materials .technology community aiid its sponsors ,- and addres5es salient 
issues at various stages of the materials cycle. The whole of this panel s 
report, both technical and nontechnical, summarfzes more d^etailed studies 
and inputs fi^.om panel members an4 conferees. Many of th^e are included in / 
an Appendix to this report, a separate^ document available on reqiiest to / 
those with a special interest in following-up the concljisions^presented here. 
A Table of Contents for this Appendix i's givten on page 346. • 

• SYNOPSIS OF RECOMMENDATIONS 

/' 

Policy Recommendations / 

Khe recommendations are not rank Ordered, but the keynote is given 
in poli^recommendation 5. The federal agencies , . departments and other 
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units to which we believe these policy r.ecanimQiidations are most pertinent ■ 
are indicated in Table I.) • ' . 

We recommejid that government bojclie^s and o^hin^ 'units concerned with 
matters pertaining to materials ancl other natij^al resources take the follow- 
ing steps ^ " . / 

- 1/ abtain the ^ono^.rted advioe^ of iteohnqlogists and 
sooial scientists ' " 

2. take a systems approach to ^-Up j mQterials oyole and the 
materials- energy -^nv^iromient system ^ j 

3. ^sejlk equitable international agreements oonoevnin^ the 
. exploitation- and sharing of material iresouroes ' / 

4. praotioe stockpiling of materials and of th^teohnology ' ^ 
for-^oquiring them from domestic sources / 

/ 

5. pursue a national policy/ of oonservatiori of materials^, 
energy and environmental resources 7 ~- I 

f 6. facilitate industrial cooperation tp minimize waste of 

natural resources \ 

. ' 7. find ways to share the scale^up costs of materials 
^ technology in areas of high ^isk or delayed payoff. 

8. endeavour to increase the amount of,£rained manpower • n 
available ta the materials industries 

a. support an intensive program to develop automation for*- 
the mcCteriat^ ^industries ' 

10. spo7zsQr zhtenszve studies of the effects of waste 
heat and pollu-Sa^nts on climates and ecosystems ^ . 

11* develop data giving the energy and pollution conse- 
^ quences of recovering values from ores " ^ ^ 

12. create an institutional capability for long-range ^ ^ 

forecasting of materials issues and taking appropriate actions. 
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Technological Recommendations 

Energy ■ 

J- i. Prime emphasis i^skould be on ways to conserve energy. 

2. \ttention shouldlbe pqid/bo assuring adequate supplie 
of certai\ materials critical to power generation technology. 



Pollution Control 



Work should be sunported oA: 



] 



1, ^developing bodies hf generalized design information 



for r pollution control systems 

2. dev.eloping basic cqntrol technology for nitrogen 
oxides ' emitted from combustion processes 

3. finding uses for swLfur and sulfur by-products 



4, determining the effects of^ pollutants on biological 
systems and developing ins-^rurnentation neeessary for such • / 
studies ' ^ ^ 

[ ^ 

) 5. 'i.ni^stigating the efnects of concentrated^ large %eat 
and^moisture releases" on locaAand regional climates. , \ 

Mineral Hxplpration 

1, Research should be int&psified on finding improved 
■ methods for mineral^, exploration. \ 

\ ■ . 

Mining . . ^ \ 

r ' ' • ' I = ' 

' jJ^eeds for new or intexisified research include: 

2. the development of improved methods of rock cutting 
and tunnel "boring , \ ^ 

2. ^ the development of automaijod mii^i-ng techniques 

^ 2. determining the environmentccl effects of deep-sea 
mining > _ ' ^ \ ^ / 
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*4. 'exploration of the oapabilities^ of in situ leaohing 
as ajfiining prooesQ. . ' 

Bene ficiat ion 

, Intensified research is needed on: / 

1. ways to obtain greater energy effioienoy in rook 
.crushing^ and grinding 

- 2'^~--^finding methods for improved mineral recovery from 
^ fine powders. - 



Primary M&tal Rroduction 

1. Research- should be intensified to find extraction 
processes with greater energy effioienoy and better\ pollution \ . 

* oontrgl, ' ' , , * ' l 

2. More researoh is needed on prooesses for more oompT^te^ 
, recovery of metals frbm complex and refractory ores^ and of \^ 

metal by-products now lost to waste streams, 

3. The symbiotic ^dvantages of industrial complexes' for / 
materials should be explored. 

- , . V ■ 1 , ■ , 

4. There should be more emphasis on finding methods of 
direct processing from^elt to stock shapes. 

Recycling - < 

Aspects calling for j^ew or intensified effort include: * 

1. developing economic uses foo^ mine wastes and tailings 

2j developing letter automated, methods for collecting^ sorting 
and segregating municipal wastes ^ 



3. recovering matert^ values from buildings' at the end of 
their useful lives . 

4. methods of separating various classes o^ materials joined 
to each other in junk equipment 

5. "^processes for separating intimate mixtures of metals into 
their component elements > 



6. means of' repurification of degraded alloys as welt as 
finding uses for which their' proper^ties are suitable 

7. finding satisfactory methods of reclaiming values from 
composite materials 

8. methods for sorting plastics and recovering material 
and monomer values from them , ^ 

5. methods-^for recovering values from glass and ceramic- 
wastes 

10* finding incentives to encourage the collection and 
processing of Wastes, 



Product Design f 

1. A set of principles of product design for facilitating^ 
material recovery at the end of 'the product life should bS 
developed. ■ ^ " 

2. Research aimed at understanding and improving the, , 
, performanae- limiting properties of materials must be adequately 

and steadily supported.^ 

.3. Products and structures should be designed as far as 
possible to performance and conservation specifications.. 



Substitute Materials . ' 

1. Substitutes neec^ to be founds in their major use 
^ cqntextSj for the followfing unique materials j 

" Helium - ' - 

M^cjury , . ' ^ ' 

Asbestos * " 

X ■ ■ ' . 

. 2. Substitutes rieed tQ be founds in their major use 
contexts^ for, the following specialty metals: 

Chromiiun ^ ^* " 

Gold ' , ' 



Palladium'' 
Tin 

3. TKe need for substitutes' should be assessed for: 
Antimony 

Tungsten . ^ 

Vanadium 

Silver , ^ ^ . 

. Tiinc . / 

•4. Ways need to be found for extending ■ the range of useful, 
ceramic and glass materials and processes for making them. 

5. 'Research to extend the range of performance propertze^' 
of plastics needs to be intensified. , - 

^ Economic proeess^es. for obtaining feedstocks for plastics - 
from forest and vegetable products need to found. 

y. "Research needs to be extended on ^finding ways to grow 
' more' uniform^ defect-free wood^ uses for wood, .scraps], and ^ 
improving the durability of wood products. 

8. . The range of^ndustrial composites^ particularly those 
^fnade from more abundant materials^ should be extended. 

\ ^ . FEDERAL ROLES IN STIMULATING TECHNOLOGY 

~ - . " *" " . * 

V* ' .- * ' *■ • ■ 

. ' ^^...it is recommended that the Federal Government 
' proclaim and deliberately pursue a national policy 
^ conservhtion of material energy and environ- ^ • « 

Rental resdurces . . . 

Many of the conclusions and recommendations whi^ch follow implicitly or 
explicitly involve the Federal Government in the role of stimulating materials 
technology. While we believe that the private sector should retain 'the main 
responsibility for developing technology, federal participation is often not 
only inevitable but neces^^ry, perhaps evqn desirablel The effectiveness of 
such participatio;n, hov^tever, depends critically i^pon its mechanics ijrd, 
perhaps even more, on the^spirit with Which it i%. undertaken . Four especially 
important roluDS for the Federal Government are discussed below. 



37 




24 



Broadj Guidance of the National Economy from an Era of Material 
Growth /to One of Material Conservation 

ry 

Growth in the material sense has been .so long a bedrock of conventional 
economic wisdom that it /may seem heretical to suggest that itj^ill be Jess 
valid' in the fut'ure. But our study strongly suggests that^ for {^rely physic 
reasons, at least the material consumption part of the economy will increa 
ingly encounter limit^^ to gi'bwth. Material econoijiics follow S-shaped zuv4es 
more nearly than ris/ng exponentials. In our view,, national /-policies exhort 
ing, and based on, efver greatej growth^rate^ in the material economy/will 
4)ecome increasingly^ short-sighRied and inconsistent witii human^aspirations . - 
A traditional dri/ing force for the national growth ,e^hic is to Toeep' ahead^ • 
•of foreigij compe/citors, just/as it is tradCtional'^or dome^stia eompelhi^^ 
to use growth as ^a measure yof their relative succ^ess./ But it must be 
recognized tli^t other coum:ries„, are on S-shaped curv.es too, anU t^hat^^in-- 
comparison, /he net abunaance of resources enjoyed by the_U,-Sv should ensure 
for It a cpritinued str0ng position in world-wide economies. / 





Gu^'l^dianship of the Environment 



Effective Utilization of Material sj^^^md^ Energy 




imulfation of More 



The Federal Government is alre^idy movin^xstrong^t^in^ pumber of ways ,to . ^ 
implement its role of guardian of 1^ en^irrwiment .'^^n wnn^e^h^ WB^live and work.// 



RegulatiS^ and the setting^of standards ^re key elemen^ts in thev^qjderal role-s 
and are likely to become even mare sc^ a^ thaj,t. role is "extended to embrace / 
energy^ and materials'. /A^ recent events have shown, however , ^h^-^^thods of 
technology forecastin'^ and assessing the consecfu Circe's"^ of techno Tbgical de- 
velopments leave muCh to be desired. Clumsy, hasty ox-avex=^zealous regulation 

' or ' ^tandard-setting can prove more injurious to the economy, the environment, 
and the standard of living of the individual xonsumex than-^the condijtion they 
were intended to correct. Ofte,n these unint^ded injuries appear to stem 
from political or economic decis-ions taken on the basis of too little consul- 
tation with -the technical ^community and too myopic a view of the intrinsic 
time scales. We see it as vital for future prosp^erity—fojcsUch decisions to 
evolve out of ef fective^ col laboration among government, physicaT^s^~e.ntists, 

^engineers and social scientists. At the same time it is imperative f Or -tKgse 
various disciplines to learn to work together. 



Stimulation of Transfer of Technology Out of the R § D ^ ^ 
PJiase and into Commercial Use 

There is li^le evidence that the federal government cari' manage ari 
iridiistry moTB'e^^^ or wisely than the private sector- which is familiar 

with competition in' the commercial market-place and in meeting the needs 
and wants of consumers. ' Given adequate support of R § D itself, the biggest 
need for new federal help is in the sensitive, riskyi^tages'^f 'technology 
transfer: fromH:Ke R S D phase into commerci-al prodyetibn. The help need not 
.be direct financial aid but incentives that wipi- make it. more attractive to 
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private industries to accept the risks. A variety of fiscal, legislative, and 
administrative incentives should be experimented with, but this subject falls 

-TTfe^-ti^e-^cope of tfiis report. An important a^rea of concern if resources 
^re to be cons^erved/through more efficient industrial organization concerns-^ 
the ^freedom of di;t>ferent industries to cooperate, share risks, and do systems 
planning in an- orderly way. It miist be recognized that the more complex and 
ramified the field of technology the more the need for a systems approach 
Which in turn requires unified responsibility.' ^ ^y^"X„ 



.J 



Regulation of Industr^ in the Public Interest 

If the energy Smd environmental fields are any guide, increased federal- 
intervention can be ^)vH:cipated in the materials field, not only because of 
the problems of mate£i£l>.<a^ demand themselves but also because of 

^the w^ys/in wh i^rtTTiii^teria 1^^ with ehergy and the environment. It is 

quite also, that coa^umer demand will require some^ederal regulation, 

in the future. To be successful fedei;al 4ntervent4.on^whether it be by^regu-^ 
lation/ legislation, or whatevj^r, should/aim at creating opportunities'within 
a brps/d framewb^k for individual and,G<5rporate t enterprise , not stifling them. 
Su(5h/4atters as" polri€4es , maj^6^^ and performance • 

speoaficatlons need XoB^^^^^o^Tced out more cooperatively with'^the affected 
payii^s in :gull cognizan^ce o'f* the time taj^^n to, develop new. techniques , 
si/st( .... , . , . 

\/ouU 



Per- 



ce owith the curreift wend which tends to keep apart industries that 
make^ natural pa/tneri for 'increasing the effective use of natural re- 



sou/ces^and reducing insults to the ertvironijieB|< and which often casts the / 
FeZefal Governmeri^in an/adversary role agains\;^each of the major industrial 
c^/ganizations, is,^ likeLy -to lead, to wasteful and duplicative rather than ton 
/structive competition /andU to squandering rather than consTervation of natu^^ 
resources. ^ The traditional picture of the lone inventor, tKe courageous- 
entr-epjieneur, may s/ill-hdld true for relatively discrete, simple ^products 
but the viTiolre^Qon^pt of entrepreneurship requires considerable mj^di*f ideation 
wheil applied to^ complex system such as the materials cycle and its IMter-. 
actions with eriergy and the environment. Again, as recent events 4iav^ shown, . 
indu^tri^es mult be allowed adequate profits in orderXo invest :in R 5 D and 
to attract^^e venture capital needed for successjEofJ* technology transfer.. . 
Price regjXation (which usually means keeping prices unnaturally, even puni 
Tively low) may buy consumer goodwill in the^ short term bvit at • the e)^pense 
of long-term ability to provide the goods and services jthat^'consumers'^ wil^l 
continue to expect. 
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w Until very r,ecently, materials, the stuff that, thing^s^are made^th , ' 
have been very muQh taken for granted by the average. cTtl^^n. He has^terrded " 
t0 accept- without question that for whatever ^dget , device,^ structure, or/ 
machine h^ wanted to ftave, ^r construct, th^^ecessary materials would 'be . * 
available 'at an acceptable .prifc6> This coiy s^te of confidence has noV been 
shaken by .several recefit events which have hal^niversally felt effects--the » 
oiL sh^tage, electripity b/rqwnouts, beef and whea^^ shortages- and,' it is not ' 
inappropriate\^to add, incidences of overloading j3f service sectors such as 
telephone fcom'municatipns and^xo^^way capacit>^> Nowadays the average citizen ^ 
asks whether futdre supplies will be' adequate to meet his needs for steel,,^ - 
for water, for energy, for concrete", in fact for every material.- ' ' 

Some of thfe economists and^ther anal^ysts atitempt/ng forecasts of future \ 
material supply and demand situations ^so seem to hdve fallen i'rrto the same 
state of complacency; this is .particularly true of those wha would base 
their predict ions^of the future very much on extrapolations, no matter how 
elegant, of the^past/. Such projections work best when based on the ass^infp- 
tion that^thei^ is essentially, an inexhaustible source of ma,terials and" other 
factors--population, usage patterns, fashion, prodjjct development, etc. --are 
the prime determinants of the scale 'of^onsumption. But this pays no^heed 
to the fact that ^the earth''s resour^^^^re finite. ^ The abundances of the 
materials available in the eart^h enormously but man's pattjerii of con- 
sumption rates bears little re^©<liblance to the* abundance pattern. -Jn con- 
sequence, man faces the prosp^tV/ 'of a series^o.f shocks varying severity 
as shortages occtjr in one mai'erial after another, with tsKe' first real short- 
ages perb|j)s only a matteiy^F^a few years"- away . Froin^ practical viewpoint 
the minerals man uses widl not all be^^ei^^hausted*^ at t)nce. Their occurrence^in 
the earth •;s crustj^s-^bject to almost infinite variation of concentration' 
and accessibility. Man's needs Vary in quantity and substance ^from generation 
to generation, but tfie trend is/always upward!^- In .contrast, the rate at 
which, new discoveries are made, and the reserves remaining iin^trhe ground^ in ^^^^ 
the course of^time; trend downwar^.^, ^ '^^•'^ ' ^ 

_ " ' ' " . . ^ : • : ■ 

As the* prospect of materials 'shortages grMually dawns on iman he tends to 
assume, tralditiona^lly,^ (1) -^at^ technology will find the answeA>and («) 
that .q5Conom\i_sts. and, legislators' will be able tp manipulate' the soctLo-technical 
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environment so as to alleviate apy strain that the shortages woi^ld otherwise 
cause. * FaithVin botph expedients is weakening. Technology often seems to be 
as much blamecTyfor present predicaments as regarded as a potential saviour. 
And undc^r: the r\lentless pressure of inflation, the average citizen dodbts 
the abilities of\conomists and politicians to manage the ecoijfomy. 

In a free econojiiy supply and demand are supposed to track each othel? 
qlosely, wijph pripe being the mediator-- the classic pic^urq of a-^free ma/rket ^^ 
economy. And because materials ar^ ,so world-wide in their ramifications, 
then in the absence of effective world-wide control-s the price mechanism of 
a free mai^cet economy will operate globally. No industrial supplier of 
materials is going tq. increase his plant capacity bey^;id whut .h^ believes 
t'he 'market will need. If he is managing, his business' af all efficiently. 
"Conversely, if demand is ej^ceeding current plant capacfity to supply he will 
.try to increase his plartt. ' So, with such feedback systems' in operation, 
supply and demand o^^ a sufficiently .large, commercial baso and over a not- 
too-short time s^cale wilT track each other closely provided,' that the basic 
resource, the amount of material available,- does not become the limiting 
factor. Under these free market economies', any^ shortages that occur drive 
the 'price up until demand and supply are again brought into equilibrium, 
principally by tapping new, marginal sources. 

However, demand far material-s tends to be highly inflexible because 
large investmefit in capital equipment and labor force to convert materials 
into products requires a stable supply and cannot tolerate a shortage, while 
inventory building to create a reserve "is prohibitively expensive--especial ly 
when interest rates are high. Then,' rising prices tend to motivate the 
opening up of lower grade reserves by marginal companies . But moving to 
lower grade ores tends to require moving larger tonnages so that productive 
capa.eity risefe disproportionately with demand, driving prices down. Unfor- 
tunately, also, there is a' substanH?ial time lag in the opening up. of such ^ 
new marginal deposits and usually considerable investment has to take- place. 
Then, when relative stability has been achieved some- event may cause a 
drastic downward change in the demand pattern. 

Thus, the high" f lexibi^ty plus tim^ lag of raw material production 
coupled with the low flexibility of. industrial demand and 'the cost of money 
make materials highly unstable > as 'to pride The free market economy balances 
materials supply with demand but only. on a long time scale within which many 
people can get "hurt.*' , p, 

in practice, attetnpts are 'often made to cushion the morfe severe results 
of free market economics through various forms of price control. But, the 
effects o,f ^rice controls fal^unequally on different commodities- and differ- 
. ent .life styles. In a world-wide market system, any price control or any 
• additional taxes (perhaps for 'tnvironmen^tal puxposes): applied locally, as by 
one watioh, for example, cap ondy generate, sooner or latpr, compensating 
reactions elsewhere in the system--black' markets can develop as a reaction to 
prohibition, boycotts, or other legal ly- imposed controls. Many industries 
can shift to oth^r^countrie^^^with lower costs if taxes or labor rates become 
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excess Lva. i he .Dccurrence of compensating reactions is a reminder, as will 
be apparent repeatedly in this report, that an" overall systems approach has 
.to be taken with the materials field. 

' y 

The approach taken by this panel is to start by looking more closely at 
^^^G physical IVjnits to materials supply and demand and to derive some con- 
clusions- as to how technology can best be deployed to al leviate ^forese'eable ' 
difficulties. •i;;echnology can be appealed to for increasing the materials 
supply and reducing the demand and our l.nterest in this report is to attempt 
an overview of where technology can be ekpected to help in both of these 
'dii'ections.. But as we shall indicate, we believe there are'some physical 
and practical limits .which jiiay well, in time, determine the standard of 
living available to the world's population. 

Recommci-^ation 1. It is recamnended that agert&ies^ de- 
partments^ and other goverym^nt bodies concerned with legis-^ 
UitLon^ acbiini St ration^ and regulation affecting these areds 
ensurci at all opportunities that they seek and consider the 
'. ooncQr^l advice of technologists and social scientists. This " 

irniyor-^Lt particularly because of the close interdependence 
of tec'hno'us^ical and societal issues relating to natural resources. 

TliEi iN^XTERlALS GYCLH AND T\\\L MATERIALS-ENERGY ENVIRONMENT SYSTEM 

The COSMAT Report (NAS, 1973) has described how all materials move in a 
total materials cycle (see Figure 1): ' ' 

"From the earth and its atmosphere man takes ores, hydrocarbons,- 
wood, oxygen and other substances in crude form and extracts, 
refiners, purifies, and converts them into simple metals, chemicals, 
and other basic raw materials. He modifies these raw materials 
to alloys, ceramics, electrc5nrc materials, polymers, composites, 
and Other compositions to meet performance r,equirements ; from 
the modified materials he makes shapes or parts for assembly 
into products. The product, when its useful life is. ended, 
returns to the earth or atmosphere as waste. 'Or it may be dis- 
mantled to recover basic materials that reenter the cycle. 

The materials cycle is a global system whose operation 
includes strong three-way interactions among materials, the 
environment, and energy supply and' demand. The condition of. 
the environment depends in large degree *on. how carefully man 
- moves materials 'through the cycle, at each stage of which impacts 
occur." 

Materials traversing the cycle incur energy costs at each stage. Indeed, 
the intimate' interaction of the materials cycle with energy warrants urgent 
attention iji view of the present reality of energy shortage and the future 
prospect of materials shortages. As we proceed around the materials cycle 
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we see energy inputs required to win me'tals from ores and plastics from 
cruiJe,oil, to work and shape metals, ceramics and plasties, to assemble com- 
fponents and systems, to transport goods at a-U stages of production, and to 
operate the final product in the hands of the consumer. Then we begin to see 
energy dissipated as metals corrode ^of rust, as plastics degrade, as tl^ m 
product- Is discarded, ancl as" the trash in the sanitary landfill returns to 
the low-energy "natural" , state / 

It cannot be'emphasized too strongly that because of the intricate web 
of interconnections in the materials cycle and in ^the materials-energy- 
environment system, an" event in one part of the cycle or. system can have 
repercussions througho\it the cycle or system. Research and development can 
open new pattfc around the/cycle with concomitant effects on energy and the 
environment. F'or example, development of a magnetically-levitated transpor- 
tatAon system could increase considerably the demand for the metals that might 
be used in the necessary superconducting (e.g, niobium) or magnetic (e»g. 
cobalt) alloys. Widespread use of nuclear power could alter sharply the con- 
sumption patterns of fossil fuels and the related pressures on transportation 
systems. 

The materials cycle can also be perturbed by external factors such -as 
legislation. For example, environmental legislation requires exten-sive 
recovery of sulfur from fuels and from smelter and stack gases; by the end 
of the century the tonnage recovered annually could be twice the domestic 
demand unless, as' is most likely, new markets are found for the sulfur as 
. surpluses drive its price down. Again, safety legislation has made it 
necessary to install stronger doors, crash bumpers, and other • equipmen^t on 
automobiles, thereby increasing! their weight sharply. This weight increase, 
in turn, has caused a sharp increase in the coVisumption ^of gasoline, ai ^ 
sign-ificant contributing factor to the current gasoline shortage. One res- ' 
ponse by the $iutomobile designers is to seek ways of saving weight in the 
car, one obvious path being to develop aluminum blocks to replace, the tradi- 
tional steel engine blocks. But this substitution, in turn, would require a 
'significant increase in plant capacity of the aluminum industries and asso- 
ciated increase in the electric power required to refine the aluminum. And 
so on, to say nothing of the related changes in employment a:nd other personal 
as^^well as economic aspects. The perturbations resulting fro^i legislation 
clearly can lead to instability in the^ economy; good legislation should tend 
to moderate rather than increase instability. 

But in addition to recognizing the various repercuss,ions tha^ can resuUi 
from seemingly straightforf^ard developments in technolpgy or well-meant 
legislation, it is equally important to recognize' that these re^cussions 
take time to propagate. The "incubation period" for a new mater raj^ product , 
or technology, during which an industrial effort is trying to establish for 
it an above-critical share (e.g. 5 percent or more) of the market, is usually 
' at least 10 years. The subsequent ^ growth period in which the substitution 
is becoming- more and more complete may take another 10 or 20 years or more. 
It is worth noting that the de/irability or otherwise of the..new tecFnology 
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will gCMior'o'lly show up in this growth poriocL What is needed is reUnhle 
method at- predictlni^, these consequences during the earlier incubotlon period. 

Tims, there is n vic;il need ;o develop the methodologies of systems 
approaches 'for the materials cycle and the materia 1 s-energy°eiVvi rot^mont 
system to taku into account not only the various levels of repercussion but 
t'he time factors as well, v'ytich approaches are starting as witnessed by the 
econometric studies of "Limits to (irowch'' and the sotting up of a Congre^is- 
iynal Office of Technology Assessment, to name but two highly visible indi- . 
cators. But tiiew is a. need for considerable refinement of the tools and 
techniques employed, including putting the various interactions, both direct 
ancl indirect, on as quantitative ajuf-objective a basis as^^ possible . The^ 
methodologies of technology forecasting and asse.ssment are still in their 
infancy but they will play an increasingly-important role in otpimizing man's 
use of the materials-energy-environment system. But-always it must, be 
realized that technology can do much but not everything, and what it can do 
takes time, lience, not only forecasting forward but the ability to "forecast 
backwards in time from future objectives is necessary in order to decide' 
what- must be done now to meet man's material needs 20^'^years and more from now 

l-xperiences with wartime shortages have shown conclusivelf^ that govern- 
ments under stress can make things happen sooner. But the social costs of 
living as if in a state of war are not to be invited lightly. Institutions 
to foresee and prepare in advance for necessary technological changes and 
adaptations on an easy, voluntary basis seem much more attractive. 

■ . / Recommendation 2. It is reoormended that relevant ^ 

/govevrunental bodies and industrial organizations should use a 
/ systems approach and analysis to ensure that their actions are 
aooeptable in the context of the materials oyole and the ■ • 
materials- e nergij - envi ronmen t sys t.em, as judged, by contemporary 

: standards,' Further, bettej^methodologies need to be developed 
for for eoas ting over a suitable time scale the effects of . 
technological, administrative,^ legislative and regulatory 
actions. These matters ar'^ important because actions taken in 
any part of the materials cycle or the materials -energy - 
environment system can have repercussions at .other" parts of the 
cycle or system. • ' . ^ 

{ ' ' » 

. RAW MATERIALS AND INTERDEPENDENCE 

Overall, any country- must maintain^a balance of payments if the 'interna- 
tional value of its currency is' to 'remain steady^. Short-term fluctuations 
in the balance of payments can be tolerated but in the long term a close 
balance mu%t hold; international trade is the major factor in deter'ffiining 
the payment balance. The principal ingredients of international trade are: 
food and agricultural products; materials including energy materials; . - 
technological products, military and civilian; and services. It is not 
necessary; of bourse, for there to be a trade ■ balance in each separate . 
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f> catoj'ory. (.oimtriL's such as Croat Britain export toclmo log ica 1 products and-' 

sorvicos to pay for tho needed imports of" food and raw materials, Tlie Aral) 
Mul countries, until recently, have maintained a lifestyle that.needed mininuil 



imports^ to suppo.rt ij and income 
1111 ritary- hardware. Soiiie eountri( 

export that they remain the world • s poorest nations, requiring forelgn'aid 



. - ^'i^om oM exports .often went to piirehasin^' 

mil itiiry iinrdware, Soiiie eomitries arv i^o devoid 6f any known assets for 



for mere subsistence 

X ' 

I-ortunately for the United States, at present it is rich in every tvado 
cate^iory except several important raw' materials . Thus it^must export food, 
technologicaf products, and services to pay for the raw materials to maintain 
Its standard of livin.g. How long the world , will ticcept uhevei/distributions 
of resources among nations and what adjustments, some of whi/h are already 
bai^pening, in international relationships and mechanisms will take place 
remains ^to be seen, but these Issues are outside the scope of this report, , 

Supplies of materials for the United- States are likely to be forthcoming 
from other countries as long as these other countries require goods and 
services ^from the United States. As we have seen recently, however, this 
situation may not alwa>s oj^tain. The OPEC • countries felt sufficiently free 
from dependence, on U.S. exports, at least for the short term, to dare to 
embargo oil exports to the United States. The effect of th,is, action has led 
this country to realize^ that it cannot afford to be critically dependent on 
outside sources of such a >ital material as oif and as a result , ^ambitious 
programs are being embarked upon to achieve an increased level of self- 
sufficiency in energy materials by 1980. Naturally, this event has, 
triggered similar worries about the Nation's dependence on^ other countries 
for other materials and the question has been raised whether the United 
States should aim for a higher degree of sel.f ~suf f iciency in all materials. 
This is an^ historic turnaround: many of the ra'w material-producing countries' 
are poor and have hitherto very much (|epended on the rich, advanced countries 
for imp,rovements in their standard of 'living; but now. tjie rich countries are 
seen also to boydependent on the poor to avoid lowering their own standards 
of living. / 

Again i/ is relevant to. witness what is happening in the Arab oil 
countries. They are now beginning to look for ways. to spend the rapidly 
accumulating wealth resulting from their strong bargaining position for the 
price of oil. Whi-l^e a good part may still end up as personal wealth (much 
even invested >in tl|b industrialized nations) there are signs that the oil 
countries would Tike to acquire a bigger share of the oil and other industrial 
"action. V Why should profits from shipping the crude oil go to foreign 
companies? Already some Arab countries are investigating the^ possible pur- 
chase of a tanker fleet. And „why ship crude oil to be refinM elsewhere? 
Why not erect refineries at../home and thereby keep the refinery profits as 
well? And why not use some of. the profits to build up other industraes--cis 
•Iran is doing for steel? And so it goes on. • 

At the base of the oil embargo there lies another fact--that the 
"enormous" Middle Oast reserves, at present and prospective, rates o^ 
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withdrawal' will be used up in perhaps, 25-30 years, The/rab countries are ^ ^ 
entitled to ask' themselves (and us*) what- kind of eco^homy and culture^they; wil 1 
have achieved' by the time this transient "bounty funs out. Will theyNsnibsi(^le.- 
-into a poor, thinly-populated pastoral and noma^Ji'c state or will 'they be able 
to^convert this time-iimitcd. resource into the basis- of a more 1119 dertr and - ; 
slistainable, technologically-supported economy?' 

We can. envisage ^similar situations developing in a number of mineral 
industries as well. For instance, as a group the bauxite-producing nations 
a-i^" asking for capital to install reduction plants. Tolling mills, and extru- 
sion facilities to enable them to ship not low-value ore but high-value 
materials. The trend is logical, even necessary, as a stage in the develop- 
ment process. As the chief instigator of this process the United States 
should logically accept" its implications.. But it poses for this country the 
alterna.tives of a lowered domestic standard of living or an expansion of 
exports in other areas, such as agricultural products, to pay . the heightened 
costs of the imports it ^needs. This same trend is evident in th^''move from 
fire-refirted copper to wire bars, from chromite to ferrochrome, -'trom cob^ilt 
concentrates to balls, and rondels. 

** •* 
As the raw material countries acquire wealth they will build up their 

'industrial base and in this sense, as more and more of the materials "action" 
builds up overseas the United States becomes more and more dependent on.other 
countries not only for raw materials but for refined products as well, ■ (This 
trend .underscores the increasingly-important role of multinational corpora- 
tions, which by and large will distribute their activities among the cotin;rries 
in which they operate so as to optimize the whol^e operation.) Since this" 
process raises the standard of living in the poorer countries it can perhaps 
be viewed sympathetically. However, as these countries industrialize and . 
develop they, in turn, become more and more dependent on bth&r countries. m 
order to sustain their technology and standard of living.. As they "level-up" 

"they will become' more dependent on, the advanced countries . for more sophisti- 
cated technology and, like everyone else, on the whole range of countries 
that supply the raw materials for their technology. Thus the world trend is 
towards interdependence , though along the way there will be frequent fluctua- 
tions of the Arab oil embargo sort. We therefore believe that a long.-range 
objective of overall materials independence or self-sufficiency for the 
United States is not only unwarranted, it is not even feasible. This is not 
to say, however, that precautions should not be taken against temporary 
difficulties caused by transient cessations of exports of certain raw 
materials. 

There are various situations wiiich can result in the supplW of raw 
materials to the United States being vulnerable to the policies\and practices 
of other countries.- These include: ' , \ . 

1. whfere most of the world's resources a/e held by a single country, 
e.g. tungsten (China), mercury (Spain), pallacl/ium (Soviet Union). 



2. where ►most of thefworld/s resources are held by a vej-y 'few ^ ^ 
countries of similar poU'tical persuasion, e.g. chromiljm (Rhodesia and S. • 
Afrrcci) .J ^ ' • • ' 

3. where the transport routes • between sources of supply and the United 
States are particularly vulnerable to hostile action, such as when the source 
countries are geographically close together and remote from this country 
(e.g. tin from Southeast Asia). ^ 

. 4. where various countries, even with widely-varying ideologies , can 
group together with the common interest of raising the price of the commodity 
they sharp- (e.g. the bauxite-producing countries). 



S.^whe^re substitute materials cannot readily be found or developed 
(e.g. as for iron, chromium, and manganese) or where nations that are 
sources, of* the prime commodity and nations which are sources of the mo#t - ,> 
. likely substitutes (e^g. the copper and aluminum nations) join together to 
ifnairipulate the price of both commodities. ^ 

» . I 

'For the industrialized nations, the problems of future international 
trade in materials may be focused not ,so much on their controlling the rate 
at which they import materials from the raw material countries but/with ^ 
inducing rela:jcation of export controls that the latter place on their 
commodities. In, the light of these vulnerabilities it seems prudent for 
the United States to pursue a policy of stockpiling-- 

a. "critical" materials--i . e . highly essential and highly vulnerable;: 

and 

b. technological capability to develop alternative sources. 

The stockpiling of materials of strategic importance to the military has 
been pract Lced.since World War II. The object has been to assure the United 
States adequate supplies to feed the U.S. armament requirements for many, 
months, and in some cases three to . f ive year-s , in the event that .this country 
was cut off from its normal sources of supply. CTearly, similar^ considera- 
tions can also be applied to protection of the U.S. economy and the essential 
needs of the civilian sector. Materials stockpiles can smooth out the jolts 
caused by interruptions in supplies from overseas. The size of a stockpile 
should beVsuch as to keep a significant fraction of U.S. needs satisfied 
'during the period needed' for alternative sources bf supply, domestic- or 
foreign, to be brought on stream, or' until other adaptations can be^evised' 
and implemented. *• , s;,' 

, Adjustments to stipply difficulties might be made by rearrangements of 
trading patterns, albeit at some cost because, presumably, the original 
source was the cheapest. However, for those materials where , rearranging 
trade patterns is less feasible, the United States should undertake resealrch 
programs to establish a capability of supplying its needs, as' far as possible, 
from domestic resources. This is not to advocate indiscriminate funding of 
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^turtericils research in. the belief [oi: hope) that something useful will eventu- 
ally come of it. Instead, there should be a deliberate selection of research 
programs aimed at lessening U.S. vulnerability to overseas suppliers.^ These 
include: <. _ ^ 

a. mining and extraction techni.ques that will, raise • the "effireiencjr^f" 
processes for obtaining vital materials from lower grade , domestic deposits 
(e.g. aluminum-containing ores); * 

**. . 

b. developing substitute materials and exploring their effects on 
product designs and performance (e.g, silicon nitride ceramics for automobile- 
engines) . . ' 

Such research "need not yield economic processes qr .products in the 
contemporary ^economies ; the important fact is that thf; United States would 
havo a technology available which could be scaled up and brought on stream if 
normal supplies were in jeopardy for an indefinite period. 

Recommendation 5. Because of the world-wide implioations of 
many actions affecting natural and environmental resources:, ccnd 
because of the inevitable trend, towards interdependence between 
nations it is recommended that th& Federal Government should make 
strong and continuing efforts to achieve equitably international 
agreements concerning the exploitation' and sharing- o^ these 
resources S - ^ " _ - ^ 

The State Department is the kead .agency in this area, with the Department 
of Commerce also playing an important role'. Besides pursuing bilateral and 
multinational ag-reements there is' a particular ^need for the Federal Govern-.^ 
ment to' work tbrough the United Nationi^ and to^stren^then the latter^s parti- 
cipation in regulating the consumption of the world's resources. 

Recommendation 4. Because of the vulnerability of the USA 
to -shortages of certain materials necessary to- sustain minimum 
standards in the civilian as well as the military sectors it is 
recommended that a deliverate policy should be pursued of: (-a) 
stockpiling critical materials in sufficient \quantity to provide 
time until developments are made that will overcome an j^mport 
shortage by means of domestic production^, alternate sources^, 
substitutes:, development of recycling sy&temS:, and other expedients ^ 
and (b) undertaking research programs to establish a technical 
. capability:, ^hich could be relatively rapidly scaled up when 
necessary':, - for supplying .S. needs ^ as far as_ possible^ from 
domestic resources. ^ 

This recommendation is particularly germane to the Departments of- 
Commerce and the Interior, 
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CONSERVATION ETHIC / 7 ' . ' 

Whenever the balance between supply and d"fcTnand^ ri^^\threatened , v>/hatQA^er> 
tfi^ reason, whether it be w^^th materials of dom(istic or fareigJi QrigiA', ^ 
society can respond by endeavouring to increase the supply, "reduce .the 
demand, or both. Hitherto the pressure has been generally placed on tbe ' \ 
supply sector to meet demand but this alternative threatens to become less ' 
rewarding. World competition for available^supplies and exploitation of the 
seller's market by producing nations makes it chancy. Moreover, increasing 
the supply of material available ususally calls for increase^ capital in- 
vestment in mining and transport equipment, the mobilization and training of 
additional manpower, investment in additional pollution control equMment,' 
and additional consumption of energy. All of these requirements may\iApose 
severe constraints and in addition there is the uncertain but perhaps in- 
creasing force of societal value judgments togeth^er with moral judgments on • 
man^s right to deny materials to late:^ generations. 

F^cliancc of the United StateS on materials from less fortunate producing 
nations is threatened in severa^l ways: by unwilli'ngness of such nations to 
permit continued . disparity of living standards^by supplying a rich counltry 
with the means to its continued enrichment, by \the competition from other 
dcA^^eloped and consuming nations for these materials from the .'^oor 'toujntries , 
thereby creating "a "seller's market," and unwillingness to forfeit future 
jichness to, in many q^^ses, meagre present gain. Wfiy should we, the Austral- 
ians plausibly ask, ship our uranium to the United States for dollars today 
when we can use^ it in_the centuries dhead to energize the development of our 
own "Outback"? * / ^ ^ \ ^ 

As a result of all these pressures, increasing emphasis is being placed 
on reducing demand to preserve the supply-demand equilibrium. At pres6'nt" 
we are in a transitional phase irt which society's reaction to material 
shortages is to try both to increase supply and to reduce ^demand- for newiv 
material at the same time; reducing demand through various conservation/ ^^.^ 
measures may well be the primary path of the future. We see a conservsition ^ 
ethic, which urges throwing as little away as possible,, which implies Squeez- 
ing every bitN^f use p'ossible out of energy and the less abundant ma/erials 
to reduce demand^ on primary resources. Clearly^, the transition from an 
ethic of matjbrial^'^pwth to one of material conservation will have /significant 
repercussions throughout the nation ' s feconomy and welfare; this aygues aga^n 
for a system's approach 'beisae ' taken in the management of the natioTi's affairs 



a systems approach 'beis^ ' taken in the management of the natioti' 
at the highest levels of govfeiiniment . / 

"^^^ ■ ■ ' ' / , - 

Every operation in' the materi^^ls cycle uses energy. Eveyy operation 

must, therefore, be made more energy-ef f icient-^mining , beneficiation , 

extractioa, primary metal production, manufacturing methods ,^ product use, 

and product disposal or recycling. ' < 

Material scrap and wastes from material operations must also be minimized 
at every stage of the materials cycle and any scrap lor waste that is generated 
at any stage must be recycled or reused as much as possible, or secondary uses 
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^bund for it. Recovery Jevels from .ores must 'be maxxini^ed* and, whenever 
possible, uses fouird fpr^the overbu/den and tailings' that reault from * • 
mining and smeltirtg operations . *Often' these wastes can, first be ^reworked 
to recoj^'* residual metal ^ values as .leaner ores becom'e .more economic. Sprap 
,fronl mci^facturinp: operatlojiV must beefed back into the -materials cycle. 
Maximum .Recovery "from used ."iDroduct? mifst be^ practiced . (Secondary uses-must 
be' found 'ffe'r materials degraded in-recycling i5r6cesres--in f act;-;narterials 
may have to be put through a whole cascade^of successively less demanding -* 
applications until they are good only for fuel or landfill. 

. Products uiiust be designed 'SO 'as to minimize their -use of the scarcer 
matei^als. Tactics include miniaturization; dijsigning to closer tolerances; 
simplification and standardization; the use of more abundant materials in 
place of scarcer ones, awd of renewable orrers instead of nonrenewable; design- 
ing for floxibility in material selection through less demanding performance 
specif ications; « designing, for minimum dispersal of materials, for^longer^ 
service life,. ease of maintenance and repair, to facilitate dismantling and 
. reclaimiag mater i-^'als , to minimize materials wastage in manufacturing, to 
make use of reclaimed materials', and the employment of composite materials 
to perform total fun^ctlons. 

To' sum 'up, all the aforementioned tactics for materials and energy con- 
servation need to be , pursued but perhaps the most important themes are: 

--reducing energy consupipt ion in marerials operations and by-products, 

--increasing the durability and maintainability of products, 

--development of substitute? materials, and , , / > 

--rec^'famat ion and recycling. 

The overall aitn is to maximize the effectiveness of materials and energy . 
usage. But while there is considerable room for improvement of current 
practices, there are limits on the extent to which benefits can be obtained 
from technology. 

Recommendation" 5 . Because 'of Vimits to natural resources ' 
"as well as to means for alleviating these limits it is recommended 
that the Federal Government proclaim and deliberately pursue a 
national policy of conservation of material/ energy and 
environmental resources ^ informing the public and the private 
■ sectors fully about the needs and techniques for ^ reducing . • 
energy consumption^, the development of substitute materials 
increasing the durability and maintainability of pt^oducts^ and 
^reclamation and recycling. " . ^ 
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INDUSTRIAL SYMBIOSIS 



We have mentiphed the increasing necessity to ^take a systems approach to 
the n\aterials eye 1^ and to the secondary cycles associated with it. There is 
heed 3^or better coordination between the materials ^supply and materials 
demand sectors of the economy, especially witlT tlie aim of ijiinimizing materials 
wastage, energy consumption, and environmental pollution. Inasmuch as each 
of these three categories incur real c6sts (internalizing the externalities) 
it might be expected that most industries will tend to move in the desired 
directions.' But the materials cycle is often quite highly divided among a 
number of industries--e . g . mining and smelting, manufacturing, service, and 
scrap metal reclamation. \Each of these separate industrial segments" of the 
cycle may be individually optimized but this does not necessarily imply that 
the whole cycle operation is optimal. Systems people have loTig recognized « 
the dysfunctional consequences of optirfiizing a subsystem (suboptimiz-ation) . 
the dysfunctional consequences' of subopti^mization are-evident in many kinds 
of systems: political, administrative, educational, medical, transport, 
utility, economic, etc. Adam Smith in his ^'Wealtli of Nations" Kxpothesized 
that the sum of all suboptimizations (for "profit") of indivi4,i^al entrepre- 
neui^s resulted in optimization .of the total national ecdnomy. Today w,e are 
just- beginning to suspect that the Smith hypothesis is invalijd. But we have 
not yet devised a way of encouraging entrepreneurs "to behave properly" like 
subsystems^ to optimize the operation of the t?^tal economic system. ^ . 



A manufacturing 'industry aiming^, at producing products at 'lowest costs 
may ^ay little attention' to the maintenance costs and re.cycTingjj^osts of its 
products' if /these are the concerns of other organizations. Thl^^dif fused 
effort illustrates a gap in our national materials system that generates 
perhaps the most pressing need for a systems approacfi--the need to design 
products to minimize total' lif-e costs, not just the manufacturing costs. 
The feasibility of closing this gap by a: more systematic .approach increases 
the more the total life cycle of a prodbfct is the responsibility of a single 
organization or a few, closely collaborating organizations. 

Another way of expressing the theme is that sometimes the waste gener- 
ated by one organizatipn can be a valuable input of another, so that by 
establishing close physical, economic, and managerial relationships between 
the two industries the costs of both can be reduced. (Here waste is used in 
»a very general sen5e--it includes industrial waste and effluents from pro- 
cesses and manufacturing, scrap equipment, products and junk, generally, and 
even municipal waste.) Such collaborations between or among industries often 
raise the spectre of price-fixing and other monopolistic practices but anti- 
trust laws and regulatory measures must^be administered in ways that" ensu<re 
that the public's best interests are served. It is of paramount import^^ 
that any monitoring body be fully cognizant of, and pay due attention >to, 
the advantages of economies of scale and systems approaches for conserving 
natural ro.S9urces. The more the materials cycle and major segments of it are 
fragmented among various industries', the less successful they are likely to 
be in providing at lowest possible costs the products and^ services that 
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society needs, and also in minimizing the material, energy, and environmental^ 
costs. Fragmented industries may ^ offer the consumer more choice^ but the pi;ice 
can well be greater demands on' resources as well as higher-priced products. 

Recommendation 6. It is reoommended that the Federal, 
Goverrment seek ways to facilitate cooperation between fragmented ^ 
industries^ industries at different parts of the materials cycle^ 
and institutions managing wg^stes and garbage^ to maximize the 
effective utilization of materials and minimize harm, to the en- 
vironment white assuring that_ there is no disservice to the 
'^<> public interest . from such industrial concentration, \ . . 

CAPITAL CONSTRAINTS 
t> . ,' 

The time factors alluded to earlier can i^n large^ part be related to 
the problems of raisirig capital, training manpower,, and the momentumr and 
institutional infra-structure . ^sociat^d with the older product or process 
that is beiiTg displaced. Technological breakthroughs at tl^e research stage 
are always exciting and conjure up visions of new products and new dimensions 
to our way of life.- But the scaling up from the ^^research into the develop- 
ment and engineering stages in order to arrive at a profitable commercial 
base usually takes a lot of capital in addition to engineering skill . This is 
especially true in t^he basic materials industries, often described as capital- 
intensive. New basic oxygen furnaces, drilling rigs, smelters, represen,t f 
enormous irbvestments which can control the financial conditions of materials 
industries. The risks are high; the consequences of failuTe/ dire. 

Yet' faced with potential'Nmater ial s shortages these industries must find 
new investment money. For example, the suggested goal of tripling coal pro- 
duction by 1980 implies at least approximately tripling the ^investment in 
coal-mining machinery unless there is a dramatic improvement in productivity, 
caused by tlie development of new techniques. Or again, just to keep a 
steady output of certain materials will call for increased mining and milling 
capacity as we have to turn to leaner and leaner ores. 

Capital is needed not only for expansion of plant ^capacity but for 
modernization and pollution control equipment. Modernization is necessary 
for industries to be competitive with foreign producers who, in many of the 
materials^ industries have instal led or built many modern plants since World 
War II. ".Pollution control equipment is usually, tl^ough riot necessarily, a 
nonproductive, capital burden to industries which tends to make industries 
less competitive with those in other countries where such equipment may j\ot 
yet be required. However, most advanced industrial nations are experiencing 
rather 'similar pollution problems to those 'of the U.S. and are having to 
tackle them in equivalent ways: "forces are thus at ,vyork tending to b.lunt the 
comparative advantages that would otherwise obtain. Overall, spending money 
on pollution control seems preferable to spending money, in some way or 
other, for the privilege of jpolluting, even though the latter charges, ^if 
high enough, encourage expenditures for thfe former. • ' ' 



'the capital^ required for expansion., modernization, and. polKition contirol 
has to come from Somewhere but it must bre recognized that^^ there is Very little 
slack ift^the capital market: Other industrial sectors are making their 

^ demands too: ^ energy (much o,f it relevrf'nt.to materials technologyX, transport, 
'conjmunications, schools^ and so on. Sdme/ capitaJ ^might gome f^om that share 

. of the GNP that lies in goverrynent sectors^ and in personal consumption, but 
the traditional remedy is to"* counteract these pressures as much as possible 

.by increasing [productivity, and increasing it at a rate greater than or equal 
to the rate of i^rease of wa^es,. Bfut increasing prdductivity ' implying Cas , 
it does for a given industry size) increasing production, rans counter t*o the 

'•uncertainty of materials supplies. Increa^ng production (and consumption) 
is hafdly the overall answer for the futurer The traditioTt'al woj^kings of a 
grpwtl/ econom3? seem' incompatible with a society that i^ moving our of a. - 
growth phase in the material seYise and into a conservation era, from an era 
characterized , by Hsing exponential * functions to one better described by the 
S-shaped sigmoid^ curve or ev(?n a bell-shaped curve\ '^ In\fact, the prpportion 
•>\of the GN'P gcfing into^c^nsumption, fqderal and pgrson«,\ may wel'f haVe to 
decrease in order to release investment rgoney to" sustainUhe plant capacity 
that will be needed to cr^te the materials 'and products ;.neejded to maintain an 
. acceptable standard of living. ; " " ' ^ ; ' . ^ 

In this scenario we concliide that new approa^Kfes tOx^fii^nci'hg .materials 
industries will have to be found As Rolpert C. HQlland'^has said (his remarks 
were directed at the eneffgy sectorH^it they^ apply'^qual ly to the materials 

^industries): "Bec?ause of the large arqounts 'of mon^^ that will be required, 

' ev^n major firms'^ rtiay find thaf^they individua^ry lack ^adequate' finanj^ial^ 
.strength to support all needed debt finaricing. Under these circumstances Lt 
is possible that multicempany guarantees may 'be required to permit the •> 

. nec€^,ssary funds t® be raised. Such guarantee networks will be soundest if 
the gu^iranteeirjg firms are themselves an /the direct/line from \fenergy produc- 
tion to energy consumption, arrfl are s'lr^tained ' in theil- guaranteeing, ability 

'-.by their, own, -direct market knowledge and customer contacts, the.^ prjessures 
to prpvide these arid other credit arrangements-^to' meet, eQerg34_and other needs^ 
will probably test the flexibil:i^y ar\d respc)nsiveness of our financial system 
as it has seldom b^n tested 'before . " (Holland^, 1973) Governmejit adviqe and 
eonsent will be .necessary in most mult&ompany arrang^ements but what is ^ ^ 
needed is a^goVernment-industry collaboration in the public interest-, in^ " 
spirit and fact, not an adversary situation. 'There is also, ^probably; a 
general preference for avoiding any direct* management of industry by the 
government . < . - . 

f Holland's remarks are echoed in a 'study (Little, 1973) of barriers to 
innovation in industry that was .carried out recently. While surveying a 
^ broaderc/ cross-section of industry than the materials Industries alone, the 
survey found that financial barriers that wfefe rather universally regarded 
as \inhibiting were: (a) lack of funds, and (b) 'uncertainty ^^about level df 
investment, i.e. financial risk -^too great, lack of critical information . ^ 
needed for "decision. The report also notes that "the most significant single 
observation developed from (Jthe sttidy) is that the crucial bottleneck in the 



innovative venturcv-dcvelopment process Is the shortage of seed capital to 
support the eai:iiest stages of venture formulat ion and s^art-up." 

The ^report cone hides that in view oF tlKV/ttigh start-up cost^ of: Irigli 
technoiogV innovation^ particularly* in capital-intensive industries, or if 
current public- policies (fiscal) are not suffiirjent incentives fois^nno vat ions 
targeted in the 4)ubl ic interest^ thg feasibifity could be ex|:flpred of fiscal/ 
incentives tha^ satisfy theVfo L lovving criteria: Target on main barriers of 
startup costs; reimburse costs and risks incurred (in the past) rather than 
subsidize (current or) future costs; and maintain fair competition. As a 
footnote, there is a need for the public to be better informed abouti^^Q^ital 
constraint^;, the effects of limited earnings, and' that clioices have^'^ ^ 
made, di^rectly or indirec;tly, as to- how the finite amount^f cap4-t-crr^iTrV*^<^^ 
a I located -among competing techn ico-soc ial areas . ^If out of tlie nev^ cap^ital 
available each year for investing; the proportion going to the energy secto],^ 
.must^risc from 22 percent (as it has been) to aroundK35 percent throtJg4>-''i985 
(as ^ome^ have estimated) tlvis means that the proportm^of the total capital 
available for investing in all the other goods and ser-Xpes that society 
wants--health, education, commun i eat ion , t ransport , hou^'ing, and sq on--must 
fall from 78 percent to bS percent. 

Recommendation 7. Because the prime roadblock to technology 
nwis^j^r^ t^dt io n in,t he ' ' 

^ materials industries is the capital (seed money) needed for ^. 
prototype development ojifiprocluet or process ^ it is recommended 
that the Federal Goverrvnent find ways to, share the burden of • ' 
su{.'h developments with the private sector in areas of high risk- 
or^\ielayed pay-off^ , " » 

\ ■ ■ 

\ MANPOWLiR CONSTRAINTS 

,. \ *> ■'■ ' 

As we have noted, even .to sustain societyVs present standard: of living 
wilh require an increase of activity in materials technology, and one of 
tHe cons tra in'*ts on the rate/at which the level of materials technology can be 
increased is the ava i labi-1 ity ' of capital. But another is manpower, both 
brawn and brain. 

0 

lixcept to the extent that productivity can be increased the pressures 
for materials will require ihcroasing thg manpower employed in operating 
the materials, system.^ Increasing tlie manpower in mining and ore processing, 
recyc^ ing .and other bulk material operations implies reducing, at least, 
the percentage 'Of the Ulbor force in ott^er industrial and/or service sectors, 
an event "that doei^ not happen overnight. ' It takes time to train and' retrain 
workers, though perhaps much cair be done through c6mpany-sponsored training 
-courses a^t junior colleges, for** example.' jSiich investment would be good > \ 

both for the people involved and foii^-thc^' economy. It takes time for other ' , 
sectors to become j ess- manpower- intehs ive , .or to deploy their manpower in the 
different ways needed to impl^ent conservation rather'than consumption. 
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Perhaps more iinportairt ly , it ta^es time for .societal and personal attitudes ' 
and customs to adjust to different prioritic\s and emphases. The process can 
^ be influenced somewhat hy financial incentives hut this again runs up against 
the same inelast i c i t ies Rioted in the previous section--most industrial anci 
societal s.ectors are competing for capital and operating funds, reflecting 
societal pressures for energy,, transp6rtation, education, etc. To a first 
approximation then, it is prud"ent for the basic materials industries in the 
iJnited States to assume that though they will have to engage in more and more 
activity in order to meet society's needs they will have to do so without an 
equiA'alent increase in manpower. 

j Thq traditional answer lies, of course, in increasing productivity and 
thi^, in turn, often im])lies developing new or improved technology, particu- 

* larly automation. Unfortunately, the United States has allowed itself to 
become woefully weak in basic materials technology. Since eWorld War II, if 
not earlier, the emphasis in the United States has been on the so-called, 
science-intensive, high technologies such as aerospace, nuclear energy, and 
electronics. Mining, extraction, transpprt engineering, and other "older" 
technological areas have been sadly neglect(^d. Only about 100 B.S. level 
graduates in mineral and metal processing are'produced in the United States 
per year. This contrasts with the numbers of chemists (11,500), physici^sts 
.(5,282), and engineers (44,790) produced in 1971-72. The total senior class 
in metallurgical engineering in the U.S. and Canadian universities has fluc- 
tuated around 800 ± 100 over the last fifteen years. In a recent report 
(Dresher, 1974) it is concluded that. at "current production rates of B.S. 
engineers, the (metallurgical engineering) profession probably will not be 

^^able to fully replace those in the profession who are lost due to death and 
retirement in the next 10 to 15. years. The metallurgical engineering pro- ^ 
fession has not kept pace with other physical science-based professions in its 
growth during the last decade." F'urthermbre, ' within the category of --metal- 
lurgical engineering, the proportion-of graduates in the minting and contractive 
branches has fallen relative to the 'proportion in other branches of 'metal- 
lurgy. There is clearly an urgent' need to modify this distribution of educa- 
tional effort; a process which again will take a good many years^*<^In the 
meantime, mych might be done to attract scientists and engineers fr^ii other 
disciplines into the basic materials activities which hitherto have .buffered J 
by not projecting an image of variety of ^ opportunity in contrast h^tM 
science-intensive industries. In fact, the fresh and novql ideas and views 
that could, be brought into the basic materials field by individuals trained 
in other disciplines jiiight well lead to impressive new advances. The prob- 
lems are no less intellectually challenging than, those of the high techno- 
logies of*.the last quarter century. The need, is to turn the hitherto low 
technology areas into high one^s, a process that could be much hastened by 
engaging the int^jrests and enthusiasms of those engaged in a wide range of 
physical and engineering scien^ces . Automation in particular offers novel 
challenges to the talerrts and skills of the engineering and information 
communit ies . 

^ Recoyftmendat ion 'g. Because for the foreseeable future there 

will he :]rowiuj pvesQure on basic materials industries to meet 
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.demand ami because the manpower in these industries will oonse- 
quently haue to be increased^ it is recommended that the Federal 
Gbverfiment: (1) explore ways to facilitate the training and 

'^rF-Traifiirig^^^ 

(2) emphasize support In the schools and universities of education 
and research pertinent to the basio materials industries . \ 



Recommendation 9. It is recommended that an intensive progra/n 
be undertaken to develop suitable automation for the basic materials 
industries in view of the urgent need to increase their productivity . 
Such progrojns' may calh particularly for increased cooperation 
between the basic materials industries and the computer and other • 
science- intensive industries > 



Wise use of technology wtll certainly ameliorate materials shortages, 
but there are limits: limits to the resources we can capture, limits to the 
possibility of indefinite recycling, limits to the developments of $,ubsti- 
tutes. The issues are not simple, and often excite discussion unworthy of 
the topic. Public expectations of research and development have often been 
over-optimistic (R D oversold) for the short-term but over-pessrmistic 
for tlie long term (throligh lack of imagination). 

First, are there upper limits to the amount of material that can be made 
available.? At present - rates of consumption the world will be facing within a. 
few decades, very severe shortages of certain materials unless accessible new 
deposits <of adequate quality are discovered. Some such discoveries will un- 
doubtedly be mad.c from time to time but notwithstanding, shortages will appear 
sooner or later. To offset these shortages technology must be' developed to 
increase recovery efficiencies 'from ores, to make the treatment of leaner 
ores profitable, and to mine less and less accessible ores. But recovery 
efficiencies are already quite high--often higher than 80'6--so there is not 
much room for improvement there. This means that greater emphasis will have 
to be placed on working 'with leaner ores and less accessible ores. But the 
leaner the ore the more useless rock has to be handled 'and broken up to win 
the desired material, an activity that requires (in general) more energy and 
produces more environmental degradation. 

This trend raises the ^question of whether energy can be used in even- 
larger amounts to accomplish such tasks .s^-The question concerns first, how 
much energy can be provided for thi^ usa^ "^a^d second, whether there are limits 
tOo its use. . _ 



Regarding the first, there are in principle enormous reserves x3f energy 
materials in the world. While difficulties of the sort generated by the Arab 
oil embargo can be expected from time to time, causing temporary shortages, 
the reserves of oil shale, coal and tar sands are enough to give grounds for 
thinki-'ng that once technology corners on stream there will be no energy shortage 
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for hundreds of years. Furthermore, there are considerable resources for 
nuclear fission power and if nuclear fission power becomes a reality the 
energy resources could become almost inexhaustible. In addition there is 
•--^ht^--p^>eiritt>^t^^ t^ippi'^i^ t'^e significant inputs of solar energy and lesser 
energy sources, such as geothermal, as.well. Abundant energy does' indeed seem 
attainable in due course. 

But the second part of the question posts a warning sign.... 

Whatever the way in which fuel materials are converted into energy this 
energy eventually ends up as waste heat. It is oasy to estimate that present 
total energy use. on earth amounts to about 1/25,000 of what falls onto the 
earth^continuously from^the sun and that this energy generation would have to 
be increased something like a'^hundred-fold before the earth warmed up enough, 
by waste heat alone,, to constitute a global environmental danger. That will 
not happen with fossil fuels, because if facilities were built sufficient 
to generate heat at this ratg, the fuel would last only a few years--say 10 
or 20 at most; no civilization would embark on a course of that sort. It is 
possible to get into such "heat death" with the relatively "ine^^iaustible'^ 
sources, nucleai*. (fission or fusion) and solar power. This latter may 
appear as a surprise, but it should not be so: one tijits an area of the earth 
dark to make solar collectors, whence more heat is absorbed on eapth instead 
of being reflected. 

The cure for the "heat death" problem appears as a corollary to the 
previous sentence: one can adjust the reflectivity of other parts of the 
earth's surface, as a counter to heat production via solar, nuclear or any 
other resource. However, the idea is aesthetically una-ttractive , and a 
civilization that exists by such application of force majeure is probably in 
more serious trouble from other consequences of indiscriminate energy use. 

The most obvious difficulty arises from the fact that the heat generation 
is usually concentrated in relatively small areas, and usually in the same 
general areas where, people live. Thus local and regional^, not global, 
effects will dominate, as they already do in some areas: * on the average, the 
atmospheric temperatures of cities are.l° to 2°C above those of surrounding 
rural areas, but in some instances the temperature difference may reach 10°C. 

More subtle and probably more urgent difficulties arise not from the 
crude production of heat,, but from other aspects of energy production. Burn- 
ing fossil fuels has increased the levels of atmospheric carbon dioxide 
globally, and of- sulfur oxides and nitrogen oxides over continental areas. 
The effects of these atmospheric changes on the^ earth's radiation reflecti- 
vity and emissivity and on the earth's climate are not well krtown. Other 
effects come from what the energy is used for--in industry, transport, heating 
and air cond i t ion ing and more--which ' pol lutes the atmosphere , 'alters surfa'ce 
conditions, and so forth. Thi^ increasing use of energy, even if it never 
pol luted, per se . would have to be accomplished by increasingly strict 
controls ovep its use. 
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Then there are other man-made pollutants which hardly exist in nature 
or not at all. These in'clude hydrocarbons, various particulate pollutants," 
and pesticides and herb.icides. The subtle and not-so-subtle effects that 
these can have on man^s environm'ent are only -beginning to be appreciated. 
Many of these pollutants may well accumulate to disturb the natural balance 
rather than be assimilated harmlessly into natural cycles. 

We thus have two classes of pollutants: (a) those which take part in 
natural cycles and can be assimilated if their levels are trivial compared 
with the 'background levels of the natural cycles and^(b) those which do not . 
take part in riatural cycles and therefore accumulate injuriously. For the 
first type, technology must ensure that man-made levels do not amount to 
more than an extremely small fractipn (though depending 'on circumstances), of 
naturciL levels. I*or the second type the only answer, other than finding ways 
to do without the mifterials in the first place, seems to. be for technology to 
devise ways Q,f containing the pollutants, completely preventing their^ escape 
into the biosphere. And for both classes of pollutant, as is" being Jincreas- 
Ingly recognized, action cannot be delayed. 

Pollution of a different sort stems from piles of Industrial and muni- 
cipal junk and wastes. l-ffective reclamation and recycling of wastes serves 
two major purposes. It not only ameliorates the visual pollution but, 4t also 
can make a mtrjor contribution to cq^iscrving materials and en'ergy. The closed 
cycling of materials is one of today *s "most urgent needs and it should be an 
omnipresent attitude on the parts of product designers and industrial and 
municipal operators to use every feasible technique to prolong the life of 
materials through as many use cycles as possible. , • 

[t is impossible, of course, ever to get 100 percent efficient recycling 
Some material will always.be irretrievably lost on each cycle but the smaller 
this proportion the smaller the demand that is placed on prime sources of 
raw materials and on storage , space for discarded wastes. A recycling effi- 
ciency' ot' 90 percent though rarely atta;Lnable, would .moc^n approximately a ten 
fold reduction In^ the rat^ at which fresh material would need to be mined, 
*not count ln>g any add i t iona Kma t cr i al needed for growth. The scarcer the 
material the higher 'the \t/cd fox efficient recycling and all usages and man- 
agement operations that tend to lAake sa I vage opera t ions difficult should be 
kept to an absolute minimum. it is important to remember that over a period 
in which matc^rials consumjU-ion rate is rising, the proportion of new needs 
that can he met by recycled materials can Tall far short of:' 100 [Percent. 
This is because the total amount of material available to be recycled, even 
with lOQ percent collection efficiency, can only be that which was produced 
an average product-1 ifet ime^ earl ier. Thus for cars, the absoiartrmaximuili num 
her of cars that could be recycled, today is approximately the number of cars 
that was produced 10 years ago, 'a number which might be quite a bit smaller 
than today's demand level. Thus, while it is essential to make every effort 
to make the efficiency of utilization of materials approach as'" closely as 
possible to 100 percent, recycling and related tactic^ such as cascaded use.^ 
can never be a nearly complete solution to materials shortages^ until the 
consumption rate' becomes constant. \^ 
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haced with shortages of certain materials sohie optimises , would h€hv<e~.u-S 
believe that technology can always come up with a substitute. \ This is not 
necessarily so. For some applications substitutes may be foiiricl quite readily.' 
but the more technically complex the ap{>licati6n or equipment tyhe material is 
usedin,th9 more difficult it becomes to find a substitute, perhaps impos- 
siblQ. Products like nuclear reactors, jet engines, and integrated circuits' 
are systems of highl^y interdependent materials, each carefully adapted to its 
role in the total structure. The unavailability of a particular material may 
require a complete and .prohibitively costly redesign of the equipment to 
accept another material with slightly different properties, even if such 
redesign is technically possible. Palladium is about the only material tFyat 
has been found to give adequate performance in electrical relay contacts in 
the teleph6ne s.ysrem. Other metals which could- be substituted for pallad^ium 
would so drastically degrade contact performance that telephone communications 
would become much less, reliable. In this case completely hew telephone / 
systems might have to be built around completely different and perhaps more 
expensive technology^, such as solid state switches. 

^Substitutions do and will play an important role in relatively simple 
applications, such as construction materials, household utensils-, and • 
fabrics. Substitutes are generally much harder to come by, if not impossible, 
when the materials are used in an enormous number of different applications 
(e.g. chromium), or when they are used^ in such vast quantity that no' substi- 
tute can i3e found that^ has sufficietit abundance and is adequately^ capitalized . 
Also, when materials are inadequately available for making the more complex 
mechanical and electrical equipment that man has come to regard as essential 
for his way of-life, it may often be necessary to find alternative ways of 
performing the desired functions. 

Man's ingenuity, stirred by circumstances and nourished by deep knowledge 
and unde=#«tanding of materials, will probably rise to these occasions for 
substitutions for a long time to come. The area of functional substitution 
will perhaps be the prime determinant of what man's future way of life will be 
like, but it is an area wtiere hard facts are particularly scarce. One aspect 
that is frequently overlooked is that while substitution jnay allow the 
function to be preserve^ it usually does so at increased*- cost (since other- 
wise, the "substitute" would have been the preferred course^ to begin with) 
But increasing the cost means that fewer users will be able to afford it. 
Thus,' to those at the 'lower end of the econcw^fe'^'^cale^ substitution does not 
mean that the function will still be avail ab^ji:^^to them. There is clearly a 
need to sharpen our methodologies for predicting""ftlture technology, parti- 
cularly so that its potential effect on the materials-energy-environment 
system can be assessed. 

As man's technological environment gets more and more sophisticated and 
complex another technical constraint -may begin, to set in--reliability. As 
any homeowner knows, the more "labor-saving" devices he owns the moi^e time 
and effort he has to devote to» maintenance, repair, and replacement. So too 
with Industrial and commercial equipment. Unfortunately, {lardly anything can 
\)^ made absolutely trouble-free, especially things like automobiles, stereo 
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sets, computers, aircraft, and so On. The wonder is that they perform as . 
reliably as they do, though if consumers were to demand greater durability 
and reliability and were prepared to pay for it there could uiidoubtedly be 
fewer defects and improved performance. i 

Much can be done to reduce Causes of trouble to acceptable level's but the 
fact that failures will occur may present a practical limit to how much 
technology it makes sense to have. For example, integrated circuits for 
critical applications can nowadays be made with failure rates of around 10 
FIT in the medium term: where the unit, 1 FIT, represents a failure in one ^ 
billion operating hours, or about 10,000 years, accumulated by a sufficiently- 
large batch of ttst samples. At first- sight this might seem to be overdoing 
reliability'but it must be remembered that complex systems, such as computers, 
control systems for anti-ballistic missiles, nationwide communication net- 
works, can require the reliable operation simultaneously of many thousands . 
of integrated circuits. A figure of 10 FIT means that, statistically, a 
system consisting of a tiiousaod • integrated circuits will exhibit a , system 
failure rate of about once a year. It is not obvious .that much ^improvement 
can be made in this figure; we may be reaching a^practical limit to-jelicj- 
bility In Integrated circuits.,. If so, this circumstance .wi 1 1 t.end to set an 
upper limit to the practical size of a complete system. To get around this 
lirrtit. we may need to resort to alternative, redundant, or backup systems, 
as with blind landing control equipment for aircraft. 

Another potential /limit to the diversity and complexity- of equipment , . , 
besides physical rel ial^i 1 ity , is tiie technical training required, by those 
whose job it lsi>to repAir the equipment when it does fail, for most .people, 
automobiles and television sets already exceed the point at which simple 
repairs can be carried' out at home. Nowadays the services of specialists 
arc more likely to be/required tiiough some relief .can be provided by us mg 
modular construction. And so it is with industrial and commercia equipment^ 
,lt is hard to quantif, these effects of technologicacompexiy 
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some practical limits to the man-made environmeht. 
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u, LML. ve have assembled a rather gloomy catalog of limits to 

what can be- achieved ,U technical means to alleviate the threatened _ 
pressures on raaterialt, energy and the environment. The theses that tec! no 
logy is Infinitely improvable afid tiiat substitution is infinitely poss l ie, 
we feel are highly suspect. They can be accepted only with considerab e 

ua If cations. So what can be done? Is there a brighter side? We believe 
? 2re is That by focusing attention on the difficulties and liabilities man 
tends to overlook the opportunities and assets that, are available to him. 

First energy. There Is perhaps scope for considerable increase yet in 
the rate" at which the' world consumes energy (totalling all its forms)^ ^How- 
ever, the United StateFl^ to face up to the-question of whether has 
used up its ^share" of energy consumption. To go on increasing ^r^ffjlf 
quite soon to (macceptab.le environmental disturbance as well as ^"ternational 
ecrimlnations. InsLad, the opportunities for the United States liave to be 
sought in using energy more efficiently. Fortunately, there is still much 
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scope here. Through ingenious engineering and the application of scientific 
knowledge we can perhaps achieve a several-fold increase in the effectiveness 
of our nation-wide- usage of energy. 

As for materials, while we may experience shortages of various metals 
and cert^im other substances we will never run out of materials per se There 
is a limitless supply of refractory oxide materials and ways shoW b?' found - 
ot using these m a greater variety of applications as substitutes for 
scarcer materials. Then there are the forests and other vegetation which 
Sush^,ll^v "-"""m """"^^^^'^^^ resource for organic materials;, these, with prudent 
hu.sbandry, could sustain a steady supply of Useful materials at acceptalbe 
levels of ecologi^til impact, including avoidi-ng depleting the, amount of 
organic carbon in the biosphere. , 

Finally,^ there is information technology-the' technologies of communi- ' 
cations, computers, and control based on solid state electronics. Information 
techno ogy is not materials- Or energy-intensive and so is not likely to run 
uito these limitations though it may well experience other limitations, such 
as capital requirements and , rel iabi 1 i ty . Spme specialty metals may pose 
M.pply problems in the future but overall, information technology inwts ' 
broadest sense, may well ease tlie pressures on materials, energy and the 
environment. Functional substitutions such as facsimile transmission instead 
or mail systems, video communications instead of personal trave 1 , and 
computer, control and automation generally instead of human operators are all 
expedients by which we can reduce the drain on ertergy, materials, and the 
environment, Information technology has made such rapid advances in recent 
years that already we can ftfresefc being able to provide society with a vast 
.smorgasbord of services, from remote health checkups to bank and shipping 
transactions, from ti'affic monitoring and control to robotic mining machinery 
Ihc oxpIoitation,of such wizardry will require wise selection and guidance 
and knowledgeable acceptance by society. 

_ .R ecommendation 10. Because the ibiosphere is facing severe • 
stm-ms^from the effects of the global levels of energy consumption 
J and pollutant ermss%on, intensified research is urgently needed 
on the effects of waste heat and pollutants on climates and * 
ecosystems . ' ■ 

Recommendation 1^ 1_^ Because of the close relationships 
between materials production, the- energy consumed, and the wastes 
and pollutants caused thereby, it is recommended that cognizant 
. federal bodtes, develop, publish, and keep updated data giving . 
the energy and pollution consequences of recovering values from 
Izsted reserves and resources . 
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TIMli CONSTRAINTS 

the time taken for new scientific khowleqlge to reach full commercial 
• unplcmentation is frequently .underestimated . .As Pry has noted: (See 
/ Appendix of Source Materials) j 

-Three distinct stages are apparent in fhe birth, growth, and diffusion 
of a science-teclinology area, i^rst, the stiige fro,m scientific discovery of 
a new physical phenomenon or a new theoretical concept to the broad acceptance 
of its applicability to teclinology. This gestation period involves a broad- 
ening of the concept, probing the depth and breadth of the experimental 
phenomenon, and. subsequently, assimilating Ithe findings into a common 
technical -knowledge base. The time period i[or this process varies greatly, 
has been shortening considerably .over the list century, but still may take ^ 
40 to 50 years to complete (e.g. electromagnetism in t.he Nineteenth Century, 
superconductivity in the Twentieth). 

^ • 

"The second stage consists of the time between the recognition of a' 
scientific solution to a technological need and the-.time a first viable 
product emerges utilizing the solution. Several ""^^f ^J^" ^"^^'^3 

U.S. in the last 20 years show this time to be between six and thirty years, 
with the average time between 10 and 15 years, . 

"The third stage consists of the ■ time. Required for the new product or . 
service to grow and^diffuse fhrough the tecliUlogy and society. . ^he span 
of time required for this process of technolWical and/or prdduct substitu- 
tion to occur lias not sliortened in any disce^^nible way over the last 60 oi 
70 years. The examination of a number of ca^,es of product substi„tution led 
to the intuitive conclusion that the time required for the completion of 
this stage did -vary with the l^readth of the product impact, the capital 

eiui -eLtnts, s.aciai changes required, market ng and distribution Patterns as 
well as product superiority or other technically-related factors, but not with 
the specific dates of the substitution." 1 

' Thus; depending on the nature of the product or process _ substitution, 
the total time taken from .the initial pertinent scientific discovery to 
dominance of the market, that is the sum of the three stages whjch may be 
termed the basic research, development, and commercialization stages, lies 
typically/^in the range from a minimum of 50-60 years '^to a maximum of 100-150 
years ■■ iars, economic booms and -disasters , government and statutory controls 
S regulati;ns appear to' have remarkably little effect on these substitution 
?imes. The major conclusions tliat can be drawn from these observations are: 

1 Research and development is not the answer to' immediate technical^ 
problems. These liave to be met by redeployment and rearrangement of today s 
existing technology, ys ing 'engineering capability to the full. 

2 Problems likely, to become serious within the next 10 to 20 years 
will generally have to be^olved, and,, probably can be, by development of 
scientific knowledge that wc already possess . 
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3. Continued investment in research is essential to build up the 
knowledge base that will be necessary for meeting the technico-social 
problems of 20 years or more from now. . > - . 

4, _ Any attempts at "i.nstant"_cures 6r immediate technological "fixes" 
of technico-social problems through tough, inflexible legislative or admin- 
istrative measures ar& likely to be irfeffective or worse- except insofar as it 
may be possible to prev,.ent outright poisoning by various forms of pollution 

A patient, understanding, long-term partnership between , industry and society 
with government as intermediary and cognizant of -the long time scales that 
are involved, is more likely to lead to mutually-acceptablq, progress in the 
tace of the global pressures that affect all mankind. In particular, the 
ability of the Federal Government to provide substantial and sustained support 
tor the development of techniques needed in the long range future should be 
recognized as a means to supplement the free market in meeting such needs. 

_ • Recommendation 12. The Federal Government should equip 
vtself with a capability for long-range forecasting 'of materials 
^ supply questions, for conducting analyses of future problems, for 
devvsing courses 'for corrective action, and- for obtaining their 
^rnplementation in timely fashion. ^ - 



TECHNOLOGICAL OPPORJUNITIE;; 



CHAPTER III 
IN THE MATERIALS CYCLE TO OFf^SET SHORTAGES 



Note: The preceding chapter reviews the factors that have led us to the 
conclusion that the major theme in the future must be one' of conservation in 
the material s-cnergy-environmenti system. The next chapter reviews the tactics 
for science and technology consistent with this theme. We recognize from the 
outset that many of the technical activities recommended are already being 
pursued by various federal agencies, industrial organisations, and othei^s. 
In such ca^es our recommendation.^ may be regarded as endorsements or,- m 
some instances, calls for intensif ied ' effort . "The important point, we feel, 
.is that we have gathered togetheJ those technical activities which are 
consistent with our major recommendation of a conservation policy. 



ENERGY 

Although we have in earlier Sections outlined the impossibility of 
increasing energy use indefinitely (or use of anything else, for that matter), 
nevertheless a great deal of enerdy will continue to be required in societies 
like those in the U.S., in order tb accomplish needed\tasks . Without energy 
there would be no materials but without certain materials there would be no - 
energy. It is therefore a task of | first priority to ensure adequate 
supplies of: (a) energy materials4-fossil fuels and uranium.; and (b) special 
materials needed in energy technology--e . g. helium, and materi#ls for super- 
conductors, materials for first walils in thermp-nuclear^fusion devices, and 
light absorptive and transmitting materials for solar energy cdnverters 

The list includes, more specifically, chromium and manganese (for steels, 
including stainless steel), fluorspar (for steelmaking) , nickel and co.balt 
for various alloys, tungsten for tool alloys, platinum for catalysts, and • 
'looking further ahead, probably niobium for superconductors, and lithium 
and heliym, especially if fusion power comes into its own, besides a host . 
of other materials whose supply poses.-less problems. Helium is a special 
case- it is available relatively^ cheaply, only from some natural gas. fields 
now wasting away. Its stockpiling\has been looked upon principally fr'dm a > 
narrow economic point of view, bur\he_ problem of helium availability for . 
adequate energy/suppl ies (for high terrips^ure gas-cooled fission reactors. 



51 



for controlled fii-si^^ for superconducting transmission lipes) in the 21st 
century is not a narrow economic problem. Nor is it a trivial technological 
problem. ^ ' • , 

• A detailed study of the materials reseaf'ch problems pertinents to . 
developing energy technology falls outside the scope of this report and is 
receiving attention elsewhere. Also, other panels on COMRATE are, or will be> 
a'«yressing the mineralogical and technological problems associated with, the 
availability of ^fuel materials. Nevertheless, it is important to , remark 
here that the Committee strongly supports conservation and frugal 'use of 
energy resou];ce5. To the engineer and scientist, our principle takes the 
more specific form of minimum free energy change in overal 1 process cycles, 
or minimum entropy increase.. In everyday operating terms the .principle 
comes to not using energy where it need not be used, and accomplishing 
desired results with as little energy use as is practical. Natural tradeoffs 
often exi^t bptween using materials and us>ng energy to accomplish a- given 
purpo.^;e; the balance must b^ decided in each case on the peculiar merits'. 

RecommendatTon A.l. Because of the serious environmental and 
iniermational implications of continued increase in the generation 
of energy by the United States,^ conservation of energy resources - 
and their rational utilization deserve a major increase' in ' . 

research attention. . ' . ' 



^ Reco^miiendatioh A. 2 . As present plans to make energy 
available from new sources ' will fail unless there are adequate 

I supplies of certain critical materials it is recommended that the 

'Federal Goveimment should make strong efforts to ensure the 
continued availability of^ these materials by facilitating new 

. sources of supply and by tempering- current demand through such 
means as encouraging the seaPeh for„ and -development of^ 
substitutes for these materials, in''. tJieir major use cpntexts. • 
MUterinls requiring paHimlaj^attektion include manganese^ 

''chromium^, fluorspar^ nicka;^^^-~SQpalt^ tungsten^ platinum^ niobium 
and helium. • ' ^"'""''^-ul'- . . ' - 
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POL LUTFQN -CONTROL 

echnolpgy >i^*'not the principal barrier to control of 
er by materials operations. The basic technology 
most pollution problems, even though engineering 
ly developed. Pollution control is primarily an- 
roblem. It is often developed only with reluctance 
profitable. ^ 

ollutant emitted into the atmosphere or into streams 
e- reduced by physical or chemical treatment of the 

inated gas or liquid being discharged from the 
er, the cost of such treatment is determined 
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primarily by the volume ofvthe gaseous or liquid effluent stream. Consequent- 
ly the economics of ^emission control can be improved if it is possible to 
reduce the^lume of the effluent stream even if the amount of pollutaiit 
contained "in the stream remains the same. It is still better if the process 
generating the effluent stream can be changed to eliminate completely the 
generation-of the effluent stream: .this is rarely practical. Qn the other 
hand, changing some processes and reducing the effluent stream volume is ., 
often possible. These relationships should be fuUy considered in the . 
development of new manufacturing processes . Even though the value of a 
recovered effluent may be negligible, the other benefits associated with 
modifications o-v change of a production process may be economically very 



favorable 



tn general, the economies that can be effected by reducing effluei:it _ • 

stream volumes--if this is possible at all--tend to be greater than those 

that can be attained solely through changes in^^he systems treating the ^ 
effluent streams. . » 

* 

Although the basic technology for control of pollution problems exists 
except in rare cases, the status' of engineering development is frequently , 
deficient Because of a lack of basic engineerin'g design information, design 
of pollution control installations is often grossly- empirical--at worst, a 
matter of "cut<^and-try . " There is a need for basic data that engineers can 
<:onfidently use to desiga installations for given service. At present, tew 
data of ^this type are being developed by either private or .pqbl ic -agencies . 

The emission of nitrogen oxides from combustion processes is becoming 
a massive air pollution problem. It is also a problem for which no fully 
satisfactory basic qontrol technology exists or appears clearly on the 
horizon. On the other hand, the basic technology for control of sulfur ; 
dioxide emissions does exist (though often morp in theory than 'practice)- along 
with the applied technology .for their control in specific instances. However, 
the disposal of sulfur by-products^ remains as an economic problem and its 
neglect is leading to some /f our. most serious-^consequepops for the environ- 
ment . ^ 

Althouoh the d<itection al^'d measurement ' of iD.oriatants in' th6 ^environment 
is bften difficult because of Uhe low concentrations encountered, this 
problem is usually not limiting i^ source conti;ol, where pollutant concentra- 
tions are usually much higher. if is important, however, for assessing the 
ecological effects of dispersed pollutants. The effects on b-iological 
systems (5f. such pollutants, including waste heat, are poorly defined, parti- 
cularly with respect to long-term and chronic effects. 

Recommendati on B.l. ' Research should be undertaken on a 
continuing basis, t^^^lop bodies of generalized design vnformatvon 
for pollution control systems so that such systems can be 
designed with reasonable confidence. 
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Recommendation '^.2. A strong effort should be devoted tp the 
development of bas%o control technology for the^nitrogen oxides 
emitted from fuel combustion proces'ses , 

Recommendation B. 5. Additional research should be undertaken^ 
to develop practical uses or means of diqposal for sulfur and 
sulfur by-products , 

Recommendation B. 4 . . Additional research should be -devoted^ 
on a long-temydkd continuing basis ^ to determination of the. .'^ 
effects of pdtlutants on biological systems. Parallel research 
should b^^ndertaken to develop the techniques and equipment for 
detection^ measia^ent^ and characterization of low pollutant 
concentrations in wqter^ the atmosphere/ and H:n biological, 
materials. 




Recommendation Research should be' intensified on the 

effects of large heat and mQi^i^e releases on the* local or 
regional climate in areas o high release ^ such as cities and- 
large power plants. \. '^^"^'^'^i^ 

Zy MIf^RAL \XPLORAXTON . ^ ^ 

There is need fop^considerably\^€^e\precis^in£ormation concerning 
minerai\deposits . , Thi^ obserV^ition plsa^s^^^^i^^ for improved^' means 

for geological explorat^cKi .. A3 this,.,..,^^^^^ will 6^e> addressed *y another 
COMRATE panel we shal 1 \nlWia-te--tve^ 



"Recommsfrfdationte . 1 . Research shoui 
of finding ^and d&ved^pi?ig better geophys% 
met'hdds for geological exploration^ and bet 
preting the data so obtained^ , \ 



'6 undertafteri with the aim 
and geochemical 
methods for^inter- 



MINING 




\ ^ 

Future trends in Conventional min\ng will require'' resor^Kjto ">aaner ores, 
and ores in less accessiVl^e places . Mgr^ material wiYl have ta\be mfcvved' in 
order to realize the necessary levels of m^eral production. Unless there 
are some dramatic breakthrougn^N^n techniqu^e, mining will require increksing 
proportions of the nation's capita-]^ energy, ^od manpower. "This requiremetit 
puts premiums particularly on f indin^mining me^iods which use energy and 
labor more ef f icient ly , \ The labor aspfect'may beclslme particularly acute as 
mining generally does not have a good ">h^ige" as anSsOccupation . The depressed 
state of U.S. mining technology is evidenced by the^^:^mbex,-.QJ£_ 
techniques,. , ^ 
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Recommendation D.l. It is veaommcnded that incveasAd attentvori 
^ paid to A^ak mc^ch^s and techniques .of rock- cutting and tmnol ■ 

bovinq. In oomenbioual approaches there is a need to determine 
. whether harder cuUir^ materials can* he synthos-ized %n suUabLe 
■ sizes and shq^es (twujsten carbide and synthetic dvamond have Led 
to considerable progress recently in this' respect) and to explore 
' ''mir capabilities and the factors affecting hi it performance ui , . 
various typ-es of rock. ■ Novel approaches for, both soft and hard .. 
•*ro6»k sfioHld be fully explored and evaluated foi^ var-wui^rrintng 
.conditions. These include tPie use of high-power lasers, electron 
'beam, plasma torches, thermal fragmentation, ultrasomcs and 
■ shock waves, percussion and hydraulic Jet technvques, and auto- 
mated continuous explosive systems. 

To increase mine output without corresponding increase' "in. manpower \^ 
requires more-rapiJijy-operating. machinery and/or a higher. degre<; of auto- ^ 
mation' The latter will be particularly necessary for ultra-deep mmc-s and 
sea-bed minin'g where the environment may be unsuitable for human operators.^ 

Recommendati ^ D.2. . It is recommended that research be- • 
accelerated otTwdys to automate mining operations. Such automation , 

■ requS^es the development of suitable sensing devzces (to momtor 
rock composition, for example), information pr'ocess%ng equvpment 

" . (ntini-conputers), and servo-mechanisms (robots), all of wmcn 
'have to be exceptionally mugged. Implicit in this recomnendatvon 
is the need for cooperation between mvmng engvneers and. the 
electronics eommunity famiVhar with signal processtng. 

The ocean floor as well as what lies beneath it is beginning to offer 
source for certain materials. parti,cular ly the "manganese'' nodules which ca 
be scraped off the ocean floor. Initially the needs may be met by adapting 
current engineering technology but new techniques need to be explored most 
of which .nay involve development of novel forms of robotic equipment as 
included- in the previous recommendation, especially for mining under tlie 
iea-bcJ^- The enlironmental aspects of ocean mining, while apparently benign 
so faT. may not have received as much study as seems warranted. 

" • Recomm endation D.3. It is recommended that research be 

-carried out on the envvrormental consequences of ocean mvmng. 
The effects of disturbance of mud and assoczated marzne UJe at 
the sea-bottom and the effects of bringing spovl up to thd 
surface of the ocean and discharging it there need to be juLLy 
evaluated. 

■ A novel form of mining that is attracting much attention at present is 
leachixig. In in situ leaching the ore deposits are soaiced' m acid thereby 
; dissolving or T^aOTTg out the. desired cgnstituents wh^;^ are ^"bsequently^ 
CO lected from the run-off stream. l^or certain 1-ocatio^the scheme has been 
shown to be feasible but questions exist concei^ning how wiaely useful the 
technique may be. and its environmental con.iequences . 

' . , ■ ' 69 
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' Ul tUlIl IcMhfn.j ar. u-mntHj L-.hou/d he ac.u'lrvatcd. 

Att.-Htun: ,^h.>:i!.i h,- ^tlh\'i:.:,'J to r.iu-h .luri) tioui^ Ui^. what oi-t: ■ 
u>■roi^Ua within, tJw I'ni tod jStat.-^ avo potoiit ial lii suitable ' J\rv . 
ioaohuur^oporationa, takimj into aoooimt tho ■ji'iUo.jn,. tlw po8i\ib/o 
hitiavjc. of the ,;x{'liKU.onc. needed to rJiat'ter the ox'e dopoaitt:, the 
n:idi'oIoj:e oonditiona and the vick of polluti^m of cjvound wafei^ 
and how tJu! luirfiee nurj eventnail,/ b'e vehabilitatcei. Htudiec, are 
aU.> needed of iKwioui) chemi-eai pvoeeimer. that mi.fht he iu;ed for 
^ leaehtn,! vavioiu; fv-.v; of ^'er. and metalr., the de[}i'ee of reeovenf 

o['t.unabie, how it .iependtf on the effieieneit of the voek shatteviru] ^ 
and tne potenttal of leaehin.; fw veeooerinj fiu'thev valiwi; from 



■xiretinj mine war.t 



t it . 



li. BHNHI-lCIATIOi* 

mosKciises the crude ore i)roduced by niininj^ is first treated by •' 
bonei iciation >m)cesses to sei);irate the valuable mineral grains from the 
waste rock [gam^bo ) . Bencf i c j at ityi involves crushing and grinding of the ore 
into Its const itueW mirkM-al .graiiis, followed by separation of the valuable 
iiinRMjKils troni the rt^t by sflotat ion ,• magnet ic separation or other means, 
thereby producing a mineral concentrate and a waste product called tailings.'/ 
By roinoviM.g the large i)ulk of waste roc^k by simple physical methods, the 
subsequent chemical processing of the concentrate is rendered less costly ■ 
and less energy- intensive . The value o f\benef i c iat ion may be judged from the 
fact that very lew (if any) crude ores that are cai)able of benef i c i a t i on are 
not so treated. •> 

BeneficiatJon processes, particularly those for fine grinding of ore, 
are both ca]) i ta 1 - i n t ens i ve and energy- i n tens ive , Recovery of valuablb min- , 
crals by these meth6ds generally falls between 70 i)ercent and 90 percent, with 
a clustering of 'values near to SO percent. Disposal of large amounts of' 
tailings [about IbO tons 6f tailing per ton of recovered metal in the ca.se 
o I topper ores) in an environmentally acceptable manner is often costly and 
.di'fficult. . • ' 

0 

^ The very low energy efficiency for: fine grinding of ores in conventional 
tumbling mill.s is well known and is resj)onsiblc for 60-75 percent of the 
energy used^for benef icj at ion . The possibilities of novel grinding processes 
that use significantly less energy are not projiiising, but the potential 
savings from .such developments are so important as to warrant thorough in- 
vestigation. 

Rccoi miicndation E . 1 : int^tsive effort is warranted to 

develop more ener<jp-efficienfJg-i$yhding proaesses. Proacsi^oG and 
pheno{mna raqui'ring -research and •development include the study 
of fracture in popjcrystulline rocks, the effect of chemical 
^ onvirawnent on fracture, the use of ballistic processes for 
shattering- I'ock, steam shattering, a^id improvements in 
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.\>nih:nt umal jrindinj t^ffii^iini'ii throu[]h imjint^crirhj and 
dtn.h'Ii>imrntv, in.'ludhii moi^t^ luwd-wcarirhj miwhincvif, and 
. mi lit^'V ^'^nitv^ >i . 

Scpnrntinn techniques in bcMic f i c i a t i on nro generally ineffective for 
ver'v smnJl ininernl pnrticles (Less than 10 microns diameter). Failure to 
recover such-smail particles is f requent ly . the main reason for low recovery 
of valuable minerals. Improved means to separate small mlyeral particles 
would extend the applicability of benef Ic iat ion to diff icult-to-trea^t ores, 
and won kP improve recovery from regular ores. 

Recommendation Li . 2 . Ih^vr/oimmt of pvoiH'iiiiai that make 
I'^'O^ibU 'uripvoih^d iwovovif of minerals, pavtieulavlil in the venj 
^finr parti^de i\hije (I to 10 micvonv, dume tev) , should be pursued, 
pp ymisfn^j rhn>^' fc^jmrnis of this 'kind ineludc hiijh-jvadient 
n:a pi*'n\'\u'parif ion\^ floo^ndation prior to flotation, 

ni t rafn >f at i.oH, arui ^'o^Iiarm flotatiiyn. * 

i * 

v. PRIMARY Ml-.TAl. I'RODUC.'r 1 ON 

Lxtractivo metallurgy covors tlio.se .stcp.s in material.^ proce.s.sing whereby 
mineral coneejUrates from tlie benef ieiation .step, or raw ore.s that are not 
amenable to benef ici at ion , are treated by ehemical mean.s to recover the _ 
metal >aUies, to reduce tliese to the metallic .state, and to purify or relinc 
the metals as nccessarv^.' lixtractive rnetariurgy is far more energy- urten.s ive , 
Rer unit of raw material treated, tlian i.s mining pr benef i c :i a t :i on hec^au.sc 
reduction to the metallic state involves energy expenditure for breaking . 
chemical bonds of nearly every atom present. Hxtraction efficiencies are 
usually alHive-HO percent and frequently over 95 percent, so that there i.s 
room fxir (<nlv incremental improvements in this area. Air pollution from 
sulfur dioxide, particulates, and fluorides represents a serious problem for 
several metal industries, and disposal of wastes (for example, the red mud 
from processing of bauxite) is a nuisance probli^ii for others. 

1 ' ■ c 

fxtraetivt^ processes show a w-ide range in energy utilization per unit of 

metal produced- - from a low of about 5,000 cal .»per gram " • l'"' , 
pound) of metal to a high approaching 167,000 cal. per gram (300,000 BlU per 
pound) of metal. A common misconception regarding energy off ic lency ,of 
e.xtractive processes is to attribute low efficiehcy to pyromctal lurgica 1 
processes (chemical reactions carried out at liigh temperatures), and recom- 
mend tlie alternative of hydrometal lurgy (chemical reactions in water near to 
nmbient). In fact, the three processes employing Vhe I eris< energy per pound 
of metal produced are all pyrometal lurgica 1 processes (flash smelting and 
converting of copper, the iron blast furnace, and the lead blast furnace), 
and some hydrometal lurgica 1 processes are very encrgy-i«tensive (recovery ot 
nickel from laterites).. 

Rather than a 'subst itution of hydrometa 1 lurgy for pyrometal lurgy , the 
design of more energy cffi-cient processes must seek out the special 
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advajitagcs of both appron'ches. It must be recognized that each ore and each 
metal to >be recov-crcd presents special problems that require almost custom 
dojfign of the procpss for tlie particular ore treated. Attempts to recover 
iron from high-grade iron'ore by hydrometalTurgy, or to recover uranium frojii 
typical low-rgrade ore by pyrometa 1 lurgy , would both -be very wasteful of 
energy compared with current processes. 

llydrometal lurgy ha^^ special advantages for direct treatment of low-grade 
.ores that^ caivnot be concentrated ; i t can selectively subject only th;e 

valuable mineraLs to chemical reaction, e^liminating the requirement for 
; energy to dissolve, heat or melt the great l)ulk of waste rock* contained in 
tlie ore. Anot-iier advantage stems from the ease with which two or more metals 
in the same ore can be separately recovered. An energy disadvantage of 
hydrometal lurgy results from the frequent need to us§ electrolysis, an energy- 
^intensive process,^ to recover metal from aqueous solution. 

Pyromety L lurgy processes nre best adapted to treatment of high grade ores 
or mineral concentrates. The processes vary in energy consumption from the 
lowest of alJ extractive processes to very high,^ depentfi^ng on process design 
and the particular metal, being recc/v'ered.' Low^energy us6 (high energy 
efficiency) generally results^ from cent inuou^ counTer-current processes (the 
blast furnace), the use of natural fuel value in th(5^raw material (burning 
of sulfur and iron in nonferrous ,nietal concentrates), the use of fossil fuels 
rather than .electric •energy, the use of high-grade raw material, and the 
'efficient recovery of waste heat. 

Hxperieiice with improved process design over the past ten years indi- 
cates that" important opportunities exist for reducing fuel consumption in 
extractive processes. Savings in fuel of 25 percent should be easy to obtain 
and savings as large as SO percent to 75 percent may be possible in some 
cases. ''^\ side benefit of new process design in many cases is simplification 
and reduc1;^ion in cost of pollution control for the process effluents. 

1^ e commend at i on F . I . Intensive cmd extensive effo^s 
' _ r>h.)ul 'l Ih- (firCi.\^,e(i toward daaijn of processes with improved 



pollution control is simpler 
lyf energy utilizatioA for 
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ru'rjj *''ffutum<^'ifj and for which p 
.'arM 'Lev.iv coi^tlu . (Careful studiei 

conihmtional as well as new processes should be madcj and ihe 
t\'au!tr^ used to encourage development of superior processes , 
Attention shouhl be given to tfiQ recapture and use of waste' heat. 



In many cases, ores and concentrates contain small but significant 
/■s^ amounts of oth^r metal values, in addition to the major metals that are 

recovered. The.^c m'fnor values are. frequently lo^st to the waste products. In 
other cases, known mineral resources are not amenable to conventioaal extract- 
ive processes because the mixture of metals ar-v^ other elements in the ore is 
either too complex or too "refractory" to be separated by existing processes. 
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Recommendation F. 2. Research and deveLopment should be 
directed toward- new processes Capable of: (a) more complete 
•\. recovery of minor metal by-products now lost to waste streoffis; 
(b) treatment of complex ores containing several metal values- 
that are difficult to separate'; (c) treatment of refractory ores ^ . 

(frequently silicate minerals) where the metal valuer occurs vn 
chemical combination that is difficult to break down. Examples 
of this category are: manganese in rhodonite, aluminum in clays 
and other silicates. ■= 

Plants for the large scale production of the major metals (-iron and steef, 
aluminum, copper, lead, zinc, etc.) are major users of energy resources. They 
also frequently generate energy (steam or electric power) for their own u.^ or 
for sale. In addition they produce wastes (slag, stack gases, and warm water 
from various process'cooling devices) that must be disposed of in an environ- 
mentally acceptable manner. In the past, metal smelters have generally been 
located away from centers of hi^h population density because of problems , 
associated with their effluents. 

'■ With the growing recognition °of the need to capture effluents from both 
metal smelters and fuel-burning central power station^, there is good reassji 
to consider the possible symbiotic advantages that might accrue from side-by- 
side location of these plants on the fringes of major population centers 
Warm water produced from both plants, that now contributes to thermal .pollu- 
tion could be used for space heating in the nearby cQjnmunity. Waste heat 
and by-product fuel .(blast furnace gas, fol: example) from, smelting could be 
yscd for power generation. Combination of the gaseous effluents from both 
plants might lead to economies in treatment for removal of particulates and 
sulfur dioxide It might be possible to use high-sulfur coal as a fuel m 
thc-first stage of smelting with, the production of a sulfur-free fuel gas tpr 
power generation. ^ - 

Recommendation F . 5". The possible symbiotic advantages of • 
joining the functions of metal smelting, power generation, and 
'municipal space heating in a single plant (or side~by-svde plants) 
should be explored. 

Another area in pri-mary metal prock^ction in which considerable savings 
in overall energy expenditures might be accomplished concerns direct process- 
ing from the melt to sucli finished metal shapes as sheet, rod, and tube. Con- 
tinuous casting processes have gained considerable acceptance for certain 
metals and stock shapes but the^ pr inc iple needs to be extended more widely. 
Clear Iv such processes avoid the energy-wasteful cooling and reheating stages 
associated with conventional ingot manufacture followed by deformation 
■^n-ocessing. 

Recommendation F.4. Research should be intensified on methods 
of direct processing from melt to finished stock shapes. ■ 

• ■ ■■ ■ 'X 
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High capital cost"H,or extractive metallurgy plants deters adoption of ^ 
already proven new proces^i^ijs and' research and development directed toward 
improved processes. RecommOi^ndat ion 7, from Part 1 of this' report, speaks to 
the need in this area. 



G. RECYCLl^NG 



Efficient recycl in]^/&f materials from industrial and municipal waste has 
become recognized as aymajor opportunity for conservation of materials, ^. ■ 
energy, anci the environment. The g^i-eatf^r the number of pr5duct-cycles mater- 
ials can be 'put. through the less the demand on vprime resources . Jt is heLpful 
to think of industrial and mun&ci^pal wastes "as a^ novel form of ore but , one 
whic^i is quite widely dispersed and therefore lean, especially the municipal 
wastes. \The inefficient, energy-consuming process is the col lection and 
concentration of /the- waste, a process which i-s more sbcial^than technical 
though it has to be doi>e whether or not values are recovered from the waste. 
The costs of this stage may make the whole recycling operation noncompetitive 
with primary sources of material$^ unless subsidized (e.g.. by calling it 
^'garbage collection") or,he-lped with other financial, incentives. If the 
collection and concentration process ^^can be carried out , efficiently so that 
recovery percentages from wastes are very high, and if the recovery processes 
are flexible enough to adapt to t,he variable content of wastes, recycling 
can make a very important contribution to the conservation of materials. It 
must be recognized, though, that recycling cannot meet the ne^ds of growing 
consuinption--in full operation the recycling of material is limited to the 
total amount of material that was used in products at a time earlier by the 
average product lifetime. ^ 

Every operation in the mate^iral^^s-^ycle generates wastes but the wastes 
remain relatively locall zed %p 't5 the s^tage of finished, manufactured 
products. Thereafter they get dispersecKthrough use and become the lean ores 
referred to above. The industrial wastes up tO' this point are, in contrast; 
relatively rich ores and in many cases already there is efficient recycling. 
For examplle, metal scraps resulting from cutting and forming operations in 
manuf actLiring 1 ines are easi ly col lected and returned to the furnaces for 
recasting, etc, and it 'is usually highly attractive, economically, to do so./ 
For other industrial wastes, suc^ as ^^spent plating bath solutions and other 
chemicals, collection is again usually quite straightforward as are ^retreat- 
ment technologies, though they heed to be carried oyt much more intensively^ 
than, has been cpstomary. ' ' ... 

While there are countless opportunities for incremental i-mprovements in 
recycling technology , the principal areas^in the materials cycle*where' 
attention needs to be paid concern: (a) the enormous and growing piles of 
waste associated with mining and smelting operations, (b) the treatment of 
municipal waste, and (c) closely related to this, the' designs of products so 
as to facilitate material recovery from municipal ' wastes -o . « 

I -74 • ■ 
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Mining operations typically generate enormous piles of hroken-up rock-- 
thc overburden tjiat had to be removed to^ get at the mineral-bearing rocks-~and 
finer-sized tailipgs from the benef i c iat ion procii?-sses The i^ievitable trend 
to leaner ores will jcause accelerated growth of these wastes. These "wastes" 
can often be worked,, over again by leaT'hing, concentrates can ;be re-ground to, 
recover other values when economics justify ir, and wastes can be used for. 
mine fU 1 . . Nevertheless these wastes are crying out for a^majo^r use. .The 
big barrier is economic. The only industry that could Use sOeh material on a 
massiye scale is perhaps the construction industry and it is the nature of 
things that mining, operations are often in places remote from heavy construct- 
ion areas, thus posing the problem and expense of transport. 

nccommendation G. 1 . Efforts' should /be directed towards 
df'Ve Loping economic uses for mine wastes and tailings. Construct- 
ion materials may offer the best prospects for such wastes. In 
some cases perhaps a relatively minor additional crushing and 
'compcv'bing will suffice" to make suitable aggt^egates. Or new 
processes may have to be devised to form suitable compositions 
'and shapes. 

The practicalities and economics of letting up ^collection sysrems are 
probably the main obstacles to the efficient reclamation of municipal wastes. 
Various approaches such as subsidies, publicity campaigns, regulation, and so 
on, need to bb experimented with -to, encourage collection sys'tems. ■ But the 
main technical problems concern the sorting and segregation of wastes. Waste 
streams should be kept as separate as -possible^ in- order ^a^simplify recycle, 
reuse, or disposal. There is much scope and need for automation in waste 
'handling--sensors whi'x:h can detect specific materials or products^ and sei^yo- 
mechanisms which can carry out their mechanical collection and sorting. THq 
types of sensors and servomechanism^s may! vary according to the nature of the 
waste streams. Much can be done with contemporary technology, including^ 
magnetic separation, air or water separation of organics, screening, optical 
sorting, electrostatic separation, leaching, and hand-picking, but neverthe- 
less it is felt that this area would benefit from more i'ntensive attention. ^ 
by ■ sc i ent i sts and engineers from various.^disciplines . . 

Recommendation G.2. Automation methods applicable to more 
' complete collection^ sorting ^ and segregation of municipal waste 
need £o be developed. Novel sensors^ sensitive not only to 
material contents but to shapes- of objects are needed as well .. . 
*'|i;zs various forums of servomechanisms . 

A major form of municipal waste and source of useful .material s , but one 
which has not received as much Tattention as it deserves, is that whic|i> 
results from building demolition. While reasonable effort may go into re- 
covering the metals used in bui Id ings--giYders , plumbing, heating and,' air 
conditioning equipment, for cxample--relatively little heed is paid %o the. 
plastics--wall and floor covf^rings, plastio pipes--or to the masonry; much 
of wh\ch tould be reused rather than end up as landfill- 




R ccommcncki t ion G. 5 . l/ki le it is impovtant to design buildings 
for longer life and lower maintenance aosts^ ways need to be found 
of improving the recovery of material values frvm buildings once 
their useful Lifi' Is i)oer! ' ■ . " 

Certain Classes of sei):\j\'it ion of municipal wastes are relativelx easy to 
acliieve. The combustible materials, for example, am be largely isolated 
from the noncombustible ones anc! used as fuels if for nothing else. FUastic, 
metal, and ceramic objects ar^ also rol at i vely ^easy to separate from one 
another. Sejo^irat ion. becomes more difficult wlien these materials are joined 
to each other in etju i i)men f , as in household appliances, automobiles, etc. 
Adhesive bonding, welding, and composite structures pai-ticiUafly warrant 
attent ioi\ from the disposal point of^ew, especially at the initial stage in 
product design. 'I'here is room for the development of improved "benef iciation" 
and "extraction" processes for treating these complex "ores," depending on the 
nature of the junk to be treated. 

Recommendat io n C].4 . Intensified effort is needed to find 
^'ff!<'ie.nl me.thods of* separating various classes (metals^ 

p^uyti'.'Sy ceramics)^ of indus trial materials that are joined tp 

*'<i.'h <Uher in junk equipment. 

ISeparation of different classes oP materials, awkward though it may often 
be., ik generally more straightforward than separation within material 
c lassct^s-- i . 0 . one metal or alloy fram another, one plastic from another. 
Often, for example, -the various metals get m^ixed up together and then it is 
the tat^k in the recycling process to separate into the various constituent 
elemental materials" the relatively mixed-up ^'alloys." There is considerable 
-need fdr improved separation technology in these situations. 

Recommendation G.5. i Research to find efficient ways of 
separating intimate mixtu%^s of metals into their component < 
ele^mental materials needs to be intensified. Adhesive bondsj 
welds J and composite structures require particular emphasis. 
Alternatively J for intradtible mixtures efficient shredders 
need to be developed to facilitate more efficient extraction 
processes or incineration. 

In many ca\e.s it proves impractical to perform very complete separation 
of alloys. What results then is often a degraded alloy, i.e. admixtures of 
othqr elements or impurities to the .original material resulting in an alloy 
of slightly different composition and, in consequence, poorer properties 
(such as strength, electrical resistivity). ^ Such degraded alloys may not be 
suitable for reuse in their^ original types of application but nevertheless 
may sfill be completely suitable for less demanding applications. Further 
degradation can result at each recycle so that tp maximize the effective use 
•of such materials there needs to be a whole cascade of succe/sively less 
demanding applications.' 



Recommendation G,b. RcGeavch nctds to be undertaken i)otM on 
the upjmdinj and vepurification of degraded alloys and plastics, 
and "on the pror^ertics of drjraded alloys and plastics so that their 
prospective applications may he more readily identified, 

•Composite materials can pose particularly di fficult ■ problems for re~ • 
cycling. 

Recommendation G.7: Research is needed on efficient ways for 
recyclimj or reclaiming material values from composite materials. 
Such matepials include composites of dissimilar materials (e,g, 
.glass- fiber reinforced plastic, metal-clad plastic laminates) ) 
and composites of similar classes of materials (e.g. epoxy ^ 
impregnated synthetic^ fiber boards, copper-clad aluminum wire).. 

The recycling of plastic materials is taking on increased importance 
because of their dependence on oil supplies. Plastics, rubber, and synthetic 
* fibers can often be depolymerized and the various monomers recovered for 
reuse as feedstock (though this is expensive) or for use as fuel. The fuel 
value of unsegregated discarded plastic probably exceeds the replacement cost 
but if th^e plastics could be sorted they could be more valuable. 

Recommendation G.8. There ^is^ need for increasing research 
'on ^^^ie^hods of identifying and sorting plastics and of recovering ^ 
material dncimonomer values from them. Standardization of plastic 
compositionssheiild be encouraged to facilitate recycling. 

The recycling of^ glass has so far been largely inhibited by unattractive 
ecQnomics but as this situation chahges various technical problems must be 
addressed. Glass is colour-mixed, and contains rocks, metal chips and 
ceramics no'matter how we 11 'cleaned . These do not dissolve but weaken the 
glass. tn the broader arQ.na of ceramics there is again no recycling in 
general because of the problems of keeping the types separate and the 
chemical changes, that take place on firing. Waste glass and ceramics are 
nbt very important for aggregate either because of the low cost^^of primary 
^ « sources. However, if some of the collection costs can Jbe internal ized^ or 
covered by other incentives the technical problems would often 'appear 
tractable. Furthermore, it takes less energy"" to melt scrap glass (cullet) 
than to make new glass. 

. Recommendation G.9. Research needs to be intensified on 
ways of sorting glass and ceramic wastes and for recovering 
material values from them. ' ' . 

While more \n institutional problem than a technical one the whole area 
of waste collection in order to facilitate material recycling and conservation 
needs special attent'ion. 
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Recommendation G. 10. FedemL^ state and local governments 
are urged to take steps and develop incentives to encourage the 
collection ayid processing of wastes. Exojtjples of possible^ 
measures include demonstration projects^ development efforts^ 
design competitions subsidies:, publicity campaigns^ regulatioU:, 
and so on. It is particularly desirable for waste handling and 
recycling to be arranged so as to capture^, insofar as possible^, 
the economies and technological advantages that accrue to large:, 
integrated scales of operation. 

H. RRODUCT DESIGN 

<♦ 

Product design can have a very direct bearing on material conservati^i. 
fncreasingly important elements in product design are; design to minimize 
dispersal of scarce materi-nls; design to facilitate product dismantle^ment 
and matcriai reclamation; design to employ, wherever pos^sible, more abundant 
materials instead of scarce. ones, materials-' from renewable resources rather " 
than from nonrenewable ones, and less environmentally offensive riiaterials for 
those more so. In many of these areaf's the designer will oft^n be responding 
to material costs. Opportunities for substitutes will be ■ considered in 
subsequent sections. 

Product design also has a direct influence on the choice of manufactur- 
ing methods to make the product. The "des igner .should ^ensure ,^ therefore , that 
as far as possible he develops designs' which can be ma:de using the /manufactur- 
ings methods which are most economical in materials and energy^ particularly 
those which lead directly from the fluid state to the finished shaj^e gr 
piece-part. ' ' 

IVhatever tactics the product designer uses to economize on materials, the 
limits to. his success depend ultimately on* the precision of his knowledge of 
the properties of the materials he is using, including their variability. 
Depending on the application, the designer may have to know accurately the 
physical, chemical, mechanical, and biological properties so that he may 
design to the desired levels of reliability, durability,' serviceability, and 
safety. In addition to initial strength j electrical, optical, magnetic, or 
thermal properties, he must usually take into account wear, friction, fatigue,' 
and fracture; also chemical reactivities, corrosion-resistance, f lammabi 1 ity ; 
and, increasingly, such prpperfies as toxicity, rot resistance, or bio- 
degradability. All this implies that there. are greater needs than ever before 
for methods and techniques, especially nondestructive ones, for accurately 
and rapidly characterizing, analyzing, testing, and age -testing materials, 
and providing, information pertinent to their behavior in working environ- " 
ments. ' . ^' 

Recommendation H. 1 . A set of principles of product design for 
facilitating material recovery at the end of the product life 
should be developed. Examples of such principles include avoidance 
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of use of scarce materials in^waijs that lead to their dispersal^, 
^as in coatings for instance; ^and avoidance is^f certain juxta- 
positions of metals which are difficult to separate, 

■ While the designer must know the variability of the materials he plans to 
use in the properties of criX:ical interest to him, the importance of providing 
him with mo.re^reproducible materials needs to be emphasized. The coSt^benSflt 
trade-off in bet><^ reproducibility should be carefully examined.^ Do we 
even know what safet-y factors-, limiting properties, and so on, the designer 
uses? What does'he as^^Hne about the effects of welding, plating, -and other 
proces.s steps ^ on these prop^i^^cs? In short, how overly conservative are aur 
designs and hence materials-wasfefOjil? 



Recommendatiory if. 2. 9pH*^nuing research must be adequately 
supported on- furthering basic 'uM^r^standing of the physicaly 
mechanical:, chemical:, ccnd biological properties of materials :, 
the relation of these properties to manufacturing ppocesses^, 
particularly their relation to product p>etformance under service \k 
• conditions:, and on finding thereby materials with improved ^ 
performance properties . Improved^techniques are needed for rapid 
and acburate determination of these properties as well as for^ 
determining what properties are needed to meet service conditions. 

Recommendation H, 5. It is recommended that an important 
contribution to materials conservation and wastage reduction can 
\ come from designing products and strudtures/to performance and 
conservation specifications^ rather tij^n to specified materials:, 
constructional ' details:,, and methods,. Emphqsis needs to be\place(^ 
on finding ways to design products for sustained performance ^ ' . 
improved durability:, maintainability:, safety:, recyclajjility . 

' ■ " ■ / ^ 
[. SUBSTITUTE MATERIALS / 

Material subsfitutioo is not a recent Concerh of techno 1/ogy. Tsradit lon- 
cilly^ there has been the push-pull relationship between materials and 
technology: development of improved materials provides push/ to developing 
new or improved products; new, more ayibitious engineering ar/d product object- 
,lves provide demantf or pull on the" materials, sector to come lup with new or 
improved materials. The principal criteria for the materials in optimizing 
the^material-product relationships are performance and cost/. These will 
remain the principal criteria but the ground-rules are changing : performance 
criteria extend increasingly to include reliability, durability, safety, and 
impacts on man's health and^^ environment; costs are being di^iven upwards by 
these jiiore complex performance criteria and also by the indreasing scarcities 
of certain materials and the energy and environmental costs associated with 
them. ^ 

* ' , ■ 

The search for superior materials must carry on unabated. ■ Simply to 
sustain man's standard of living, het aloneVadvance it, calls for superior 
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f)roducts to meet..jthe .pressLirc^of growing population and concerns over 
environmental impact. .Tougher, stronger, high-temperature corrosion resist- 
ant materials are required for higher efficiency gas turbine power generators; 
first-wall material^ able to wil^hstand' extreme heat and radiation environ^- 
ments of thermo-nuclear fusio-n devices; superconductors with higher transition 
tempei'atures; implant materials more inert to body fluids, more transparent 
glass for communicating via optical waveguides; Kaf der-wearing tool jnaterials 
for drilling, mining and manufacturing machinery, and so on. The list is' 
endless; there will always be the need to push against the constraints of 
contemporary property-p^erformance levels of materials. This is the tradition- 
al aim in developing substitutes to meet specific product and performance 
specifications. 

Sometimes substitutes^ appear from unexpected and radically new advances 
in materials science or materials technology--e . g . the prospect of catalysts 
based on relatively' abundant oxide compounds rather than platinum; the 
development of fiberglass and of pyroceram; the discovery of the properties 
of semiconductor crystals and the method of zone refining; the discovery'of 
superconductors capable of carrying high electrical currents. But such 
instances "are relatively rare and usually difficult to foresee. More often^ 
materials with^ superior properties come about through steady, patient research 
and development generating a whole series of incremental improvements; it 
would be unwise to assume that there will always be sudden, dramatic break- 
throughs in materials science and engineering which will alleviate the 
shortage-induced stresses as they occur. As certain elemental materials ' ' ■ 
become scarcer and more expensive we will be forced back on to a reduced range 
of raw ingredients' out of which to concoct the industrial materials needed 
by our society. The process will.be gradual, but in order to meet shortages 
that may be serious 20 years from now it is necessary to pursue continuously 
research programs aimed at developing industrial materiaLs_ with suitable ' 
properties out of the more abundant raw materials. We cannot emphasize too 
strongly that the discovery and development of new and improved materials as * 
possible substitutes for existing ones takes time and that the process is 
generally driven by clearly-percei^ved functional objectives rather than by 
LJ [-placed optimism that "something will turn up when the crunch comes." 

A serious, question is how the nation can develop substitute materials in 
the absence of contemporary econojjiic incentives to do so. The development 
of sub'stitute materials, including' energy materials, to the point of meaning- 
ful availability, may require a great deal of capital and years of lead time;^ 
whether done by ^industry alone or through subsidies, or by government itself, 
the payoff comes only through production and consumption; it may therefore 
seem costly to hold substitute technologies^ on the shelf and it could be 
impossible if the development method chosen has included a guaranteed 
domestic jnarket. for " the substitute materjaT. The vexing questions of (1) 
how society should choose among alternative R § D investments designed to 
produce substi4:utes for ^scarce materials, (2) what are effective v^^ays of 
developing substitutes to the point of si^gnificant availability without being 
forced to use them'',*'' -and. (3) how the costs of doing this should be allocated 
and paid, need to be /given serious attention. . , 
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It is perhaps instructiveyto look at an example of how closely relatexl 
sorts, of problems are approached by the major communications' company. Faced 
with c-C)nstantly growrng demands for increased and improved communicatioas 
services, and with a'reasonable assurance of a continuing responsibil ity for 
supplying these services on a national scale, t^id' Bell ^System has. contin- 
uously practiced, an R & D policy of developing substitute technologies 
sufficiently ahead of time so that they would be adequately developed and 
ready for^production when customer^ demand required them. Research programs 
in solid state science (which led to the transistor) , in microwave trans- 
. mission, in satellite communications, and in optical communications were all 
initiated many years, even decade's, in advance of the time when it would be 
necessary, and economic , to have the new technologies ready to substitute for 
older ones. No doubt similar examples of farsighted R § D programs could be 
cited -from other large, well-estab^Lished industrial concerns.^ The fact that 
there' are also many large companies which, for various reasons, have not made 
a practice of long-term R D does not vitiate the argument. As Huddle 
has noted: (See Appendix of Source Material) 

Tly^e difficulties are encountered in substituting one material for 
anoth/g!(r. . . : (1) that of the sheer complexity of designing around highly 

""Specialized uses of a wide variety of materials in highly sophisticated 
hardware and systems^ like the telephone^ television , computer, _ electric 
light, photocopies, gasoline pump, and many "more; (2) tha^.of achieving 
innumei^aUUi"..Siibstitutions of single materials used in man^ different combin- 
ations, as for^xample the replacement of chromium with other ^materials in 
literally thousands of alloys employed in^millions of engineering appli- 
cations; .and (3) that of finding a material -available in the'sheer volume of 

..abundance, as well as suitable in .performance , to replace stich very large 
volume materials as steel*... or aluminum ... or petroleum. 

The principal strategies for developing substitutes would appear to be: 

1. / Identify threatened materials. 

The threat, short- or long- term shortages, may be through economic, 
military, or political actions by'other nations, price mismanagement a^-^ 
short-sighted fiscal policies, environmental legislation, the hazards of 
^-mining, transporjt dislocations, labor troubles , and many more including 
"^"simply a real world-wide shortage of the material. ^ - - 

^ - 

2. .identify ba)th critical and* major uses. 

For some materials, such as helium and mercury, nb substitutg^ ma^terials 
may be possible. .Many applications depend critically on certain materials, 
e.g. palladium for contacts in telephone switch-gear, platinum for catalysts 
and chemical processing, gold for integrated circuits , chromium for stainless 
steel. The jnajor uses of certain materials are in particular areas, e.g. 
copper for electrical equipment, tungsten for mining, construction and metal- 
working machinery, gold for jewelry,' tin for tinplate. 
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3. (i) Minimize dispersive uses of threatene^\naterial 



(ii) Maximize I'ecovei-ability \^ 

(iii) Develop substitutes for critical and major app^licatiqns , 



The first, two of these ^have been covered^elsewhere in this report. The 
rest of this section will addVess the areas wh'iare substitutes appear most 
urgently required. Guidance is\ given by various official sources of informa- 
tion on mineral reserves, resources, and consumption rates^. These data may be 
approximate but they are the best we have to guide scientists and engineer^ in 
choosing their research strategies for substitutes. 

Unique Materials 

Helium remains liquid to, a lower tempferature than any other gas or 
liquid. For the ultimate in cooling applications it has no substitute. As 
Tthe e3sential coolant for getting most superconductors to superconduct it may 
prove ind^pensable for future energy generation and transmission technologies 
usine>tt^rconductors to create intense, large-volume magnetic fields and for 
tr^^jSiLssxovr~-lru^ For those superconductors that achieve the highest trans- 
i^OTi""t^TTip"eratures, liquid hyd;rog^ can be used as a substitute for hplium 
and further research may' lead to practical superconductors that can be used 
at temperaturesVjihich allevia.te our dependence on helium. But because^ energy 
is so vital, heliuin^^^ be conserved and used frugally. 

Recommendation I.. 1 . Dispersive uses of helium should be ^ 
minimized^ wasteful praotioes discouraged^ alternatives founds 
as they can be'^ for most use^ (suoh as in arc welding; purging ; - ^ ^ 
rockets and spaceships) ^ and conservation practiced^ generally. 

Mercury is the only element that is a metallic liquid at room tempera- 
turg. There is no direct substitute "for it in mercui^y-wetted switches . Sub- 
stitut^es for the§e switches, l^r example solid, state switches, would have 'to 
be developed if mercury were unavailable. Substitinies for'mercury in 'its"^ 
other applications, such as in thermome1;^s , batteries ancl chemicals n'^ed 
to be developed as the limited world supply of mercury and its en-virohiifental 
and health problems place it on the threatened list. ^' » * . ' 

Recommendation 1.2. Material or product substitutions need'^to 
be developed fon those applications which uqe mercury. ^ 

, Asbestos has uniqtie fibrous structure which makes it useful in various 
applications,' in brake linings, gaskets,^and particularly in construction ^ 
materials. ^Health hazards associated with asbjestos dust mal?fe it necessary to 
search for use^5 which do not create aerial dust and for acceptable substi- 
tutes . ■ \ * - 
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[U^commcnda 1 1 on I, t>\ RrDt^arch akmld Ih' lohL'rtakim to 
(it'i>e\^7^^''l,7/^t/-7ti.'t7c' matcviaUi h)hi\'h would Ih'^ imi iahlt^' aubn ti tut t-r^ 
■■ for Ki.)bt\ytiH'i wJif'Pt' Hi 'HO oxuvt. 

Spec ia 1 ty Mot a Is 

A number of spccujlty mctnls can be placed on the threatened list. Those 
fp-r which subsl itute.s would be highly desirable (.se/ also Appendixes A, I*) 
4nclude, but are not necessarily limited to: K ' ' ^ . 

' ^lli^EiiiE (liV')--for stainless st ee 1 , \iHQ.y^ 1 , high' tempe|^'ature alloys; 

Gojdl tV)--for electrical devices; v. . 

inum (V)--for catalysts and electrical devices; 




Pankj^dium (V]-~for catalysts and electrical devices; 

Tl n (S) -"¥o<,^t inplate solders- and bronzes; 

(V dendtes vulnerability of. U.S. to policies of 'other nations; HV indLcates 
unusually-high vulnerability; S denotes a potential general world-wide 
shortage • ) v- . - 

R ecommendation 1.4. Research should be undertaken to develop 
substitutes for materials in which the United States is deficient 
^ * in resources J such as chrorniwn^ goldj platinum j palladium j ^in^ 

and their alloys fn the context of their major appb%oations. The 
list of ^'threatened'' materials should be repiewed pehLodioal.ly . 
' Materials" for which the need for developing sub's ti tut needs to 
be carefully assessed include: antimony j tungsten ^ .vanadiurrij 
silver and .zinc, 

■ . ' r- , 

• ^, ' ! Bulk Metals 

No severe shortages rn tihe bulk metals appear threatening yet. Lirnita- 
tiQns may eventually result f^rom energy requirements for mining and extract- 
ing and the-^associated enviroinmental problems. Copper is the neafest-to / 
being threatened t;ijoug4i world'-wide and sea-bed resources 'are $til| fa^jrly ^ 
large" It is the best material for electrical applications and^if serious 
supply problems were to develop it may ^become prudent to discourage its use 
in other app I ica t i,ons , e.g. jDlumbing, c^r radiators , where substitutes are 
relatively easy to use or develop. Even for electVioal appl ieatidj»6 aluminum 
can of ten %e substituted but in the "long-term there is some uncertainty, over 
the adequacy of supplies of tliis metal, particularly ^if derived from bauxite. 
Thc/United States has only lovNf-grade aluminum-bearing ores and has to depend 
•on overseas suppliers, though tihere are many processes whose current economic 
value is borderline but which jare capable of extracting aluminum from \^ 



runihnuxitc oi;^. The [u^ssibi 1 i fy t«>h;it tlui cgpper-prcHluc in^^ c'ouiUries ccniUl 
ctrmhiiu* with tl\^ almnimim''[M\n'Kicsi ng t^iuvs to nuinL[Hhlatc tlu^ market in the 
short-term shou h\ j)e .a 1 lowed for. \l'or the foreseeiihle tuture, however, we can 
expect, to see a cYiiti'muil see-sainn^^Juiek and forth betwcciv coi^per and 
aluminum as they o^ompete with eaeh' other in the supply-demand axcna. From the 
engineer's stand[n5^!vt the ^primary need is to acliieve and maintain flexibility 
of product de,sii^n so tluu c^nsumivtion patterns can be shifted correspondingly 
to' meet chanijing supply situatiojis. 



C',eramics and (JImss 

Amidst :tl I tlie/concernij over impending scare i t of mcta 1 s tlie c\bundance 
of raw, mater lals *>for ceramics is in sliarji' contrast . Tlie cliallcnge is tt5 
develop a wider range of ceramic^ gi-ater ials with-a correspondingly wider range 
of useful properties. Tliis challenge contains a particularly strong tech- 
nological dimension. Jixciting possibilities can be sensed in tlic progress 
towards' bu i Id ing turbines for automobiles out of silicon nitride and related 
ceramics based on abundant materials, l-xamplcs of potential applications 

jfor new and improved ceramics and glasses, or opportunities for "greater use 
of such materials if they can be made more cheaply by improv-cd processes 
include: glass or other ceramid fibers for asbestos; bricks, replaclfig wood 
and steel in buikLing const ruct ion ceramic (rather than asbc'stos) \x) vinyl 
for wall and flooF tiles replacing pure plastics; concrete instead of metal 
for sewers and o t her' [ri joes ; lightweight ceramic aggregates for concrete, 

-ceramic or g lass- bott les , c'ookware, tablewar^e, industrial piping and "plumb- 
ing, piece parts such as door knobs replacing plastics and metals, porce- 
lain enamels for building panels; ceramic cutting tool^; supcrstrcngth ' 
ceramics for turbine buckets and , auto engines; glass optix:al waveguides for 
common i cat i ons . 

Recommcnda t ion [ . 5 . Intensive research should be undertaken 
aimed at extending the range of useful ceramic and glass materials 
^ / ^ind at devetbping economic processes* for producing them., Par^i> , 
fmlarly ^desixqblc are ceramic and glass materials with greater^ 
" ductility'rand frtxctura toughness . Engineering research should also 
be undertaken to ^improve our ability to design structures using- 
brittle materials'. . . 

" ' ' ■; ' i - ' ' ' ^ ' . 

Plastics"; ' ^ • ^ . • 

Petroleum is the rai^^ material base for the major part of p^etrochemicals 
and plastics production though^^this ijepresentsJ^*' only a /ew p'erceht of tqtal oil 
consumption". ^Though oil supplies may become increasingly criti'ci'al higji 
priority is likely tQ b^cT-given, as in the present oil crisis, to, the petro- 
chcMirical industry on account of the widespread aqd complete dependence that 
^industry and society has come to i31ace on plast^ps. Jn view^jDf the likeli- 
hOQd of iirtornative sources of raw maferial^ based <pn shale oil and coal, the' 
prospects of shortages of plastics do not appear tod>^ threatening. In 
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w-onsfqiuMK-r, the alnuuhuK-i' oi' pla^au's as a class may pci-hai)s he rcgaixkul as 
falling'. bftwcH'M that ot* tin* scarcer metals on Che one hand and the more 
ahnndafit ones and Ceramic > on the other. Thirs, it is appropriate to seek ^ 
c)p|)0]-tunit ies for plastics to suhstitute. iq applications where the scarcer 
•metals are normally used while" at the same time seeXiiui ceramics to substitute 
'for the plastics. *J-or example, industrial pipinp, made of chromium-containinpi 
stainless steel miifht he replaced hy plastic pii)es hut In turn, tliese mi^^ht 
he replaced hy ceramics and ^'lass. 

No completely new major classes of plastics caii'^^^^int i c ipa ted any more . 
than new major classes of metals with novel composi t i onX:;^n be . But, as 
witirmetals" and their alloys there are considerable opportunities for devel- 
opini\ plastic "alloys" witir various physical, chemical, and biological 
properties hy blending different ty])es and amounts of polymers. 

ReconunendatJj.^jT^ 1 Rri^rurhh uhould be L^upportcd aimed at 

rxf.'yijfu'^i fhi' r'm'jr ppopdvtiJo vf plaatie materials to make - • 
i}b^m eiU'H nifypr lyrpDati Ir for enrjineerhuj applieationG . Particular 
rmphai^ii) ne.\h to hr paid to ret^njth, fUmimability , durability, v 
-lyLd hi o! oji K^'iJ rhir.tirdr,. * 



. As 
remains 
coal. One 



a long-term resource base for plastib^ oiL seems limited and it 
to he seen what scale of supply may be feasible from shale oil and 
other possible source of organic raw material s Js .-wood . The 



cr possible source of organic raw mntcr ial s ^s.-wood . 1 he 
s are treated rather casual ly^at pre>^t but Iv-^th careful 
g-range planning, and less wast-c^ful pr^Lces ^tQt^ could 



anic raw 
pities 



world's forests _ ^ 

husbandry, long-range planning, and less wast-c^ful prc^Lces ^t^t^ 
provide a renewable resource of both ej^gincering materials ^^^J^K^ 
/ materials at acceptable levels of ecological impact. P-nVrnq^s >i^ of 
lignin, the binding agent in wood tha t O^olds the eel lulosVfvbcxs t^|e<l;^er 
are now wasted. This class of materials of fers . promise as\ 
stock as well as a liquid hydrocarbon fuel material. Howe) 
cesses for obtaining organic feedstocks from wood have not 



an o r g a n i. c \ f cbd^ 
3r, to date\ pro-" 
men competit\ivc 



et^»n 



Recommenda t (on 

i'<.'()n(>mi(- 
frJi'est 



omically, with petroleum-based processes. 

7. Research should be intensified\to f^^nd 
'processes for^onvcrting vegetation, particularly^ frof^ 
into raw materials for use as base for plasties^ ^he 
tudies' should include not only the chemical processes that flight 
be used to produce monomers and alcohols but also the range of 
plastics and their properties that could he obtained from a 
natural organic base. An imprrrtant additional' need is to assess 
the ehological and environmental consequences of using the 
forests as resources so that ^ upper limit to operations might 
be established. \ ' ^ ' 
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Wood . 

Bosiclos clie pr»s,sihlc uses ju.st referred to, wood is an important engin- 
eering materin 1 . It is used an^vust quantities (greatet tonnages than all 
metals combined) for building construct ionand furni-ture. Scraps,, cuttings, 
trimmings, shavings and sawdust .resulting Trom wood operations are 'used for 
making chip boards and other composites though more often these materials 
are wasted or uselessly burnt. Large quantities of wood are also used for . 
making paper and cardboard. Perhaps the major problems with wood as an 
engineering material are its variability, though much has been done recently 
to reduce this by sorting; using nondestructive testing techniques, and its 
tenden^^' to deteriorate, rot, burn, and weather. 

^ Recomm-endation 1.8. Researoh needs to be extended on ways of " 

\ , jrouiwj mdve uniform and defect-free grades of wood. Effprts-are 
needed to develop more^ economically viable uses for wood ^scrapsl 
pavtieularly for ooniposite mater^ials to be used as replacements for 
other eons true tional or structural materials in 'short supply. And 
: research should be supported on ways to make wood and wooden 
products more durable and resistant to rot ^ fire^ and weather. 



) 



Composites 



vStructural ly weak materials such as most plastics can often be strength- 
ened, by embedding in them networks of Strong Tibers . Fiberglass is perhaps 
tbe most familiar example. Other means of strengt-iieriing materials are based 
oil' dispersions of hard particles (as in concrete) or precipitates (as in 
many metal alloys). Fiber or particle strengthened materials^ often called 
composites, can of^fer impres^^ive improvements in strength- to-Weight ratios 
over. the bulk material and by' the same token offer important opportunities 
for considerable weight pnd material saving. The nature of composites is 
that each compojient cah be used to meet s^pecific parts -of the overall demand 
on th^ piece (such -as radial-ply tirps which have the different loads handled 
br different plies; clad"m.etals (and' pl/ited ones); cemented-carbide tools; 
enamelware in gerieral; Revere vyare; etc.). Composites find application in 
construction materials, boat hulls (fiber reinforced" plastics and ferro- 
concrete), car bodies, aircraft (wKere weight, is at a premium)'to nam^ just a 
few. - . ' * . 

Sandwich structurd's are anothSt common form of composite materials. 
Plywood, is perhaps the classic example, in which superior strengt)i aad rigidV 
ity is achieved over a\ simple sheet of wood 'of ^he same thickness by' lamin- 
ating, together thi-n. sheets- of wood with the^r grains running ih different 
directions. The outer layer which may be exposed to weather and view can J^e 
of higher quality and more pleasing appearance thaiV^e inner la^^ers. Recent 
years have seen the development of plastics, many'of which closely simulate 



1. I J ...^..y ^ ^ »^ ^ J. ^ ^ ^ J ^ ^ J. 

the color patterrrfi oY wopd, for thesp outer surfaces ConXheap wood) for 
quite .durable use lyi interior decorating and furniture. N^^y 
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"Of particular significance is the new avvareness that the behavior of 
composites derivef; not\onLy from thQ combination of materials of different 
compositions, but also trom structural and geometrical characteristics as 
well. 1'hus we are not limited to uniform o\x regular distribution of the 
con-stitue-nts . The, distribution of the cons|:ituents can be random or 
oriented. ' AJso, the distrlbutioh-^n be noiiirepetitive to form gradient 
composites, to'provide different properties lor prpperty values in various 
zones. of' the composite.^ Therefore, the possiible combinations are endless; 
and by proper choice of materials and constijtuents , distribution and arrange- 
ment of the structural constituents, we can ^design property systems to meet 
specific engineering needs." (Clausner, 1970) 

There are some problems; composites may be troublesome to join and also, 
they may be more difficult to recycle. These problems have to be tra^ded-off 
against their performance and initial*, matertal-saving advantages. 

Recommendation 1.9. Research is needed to extend the range 
and properties of\ composite materials available for engineering 
uses. Particular emphasis should be placed on developing . ^ 

composites based on the more abundant materials^ and methods of 
joining and recycling them. * ^ . 



l)ynamic\or Inindamental Materials 



Mat e r i a Ts^A^^c^ S L 
product, dey/lce, orl Structure , tha 
functions./ But thisYyiew is chan 



ally thought^ of as rather passive, inert parts of a,. 

in' themselves do Vidt pferform active . 
ng; increasingly materials are being used 
in act^Lve, dynamic roV^^^^Agn^rn Quoting ClauSner (1970), 'Mt is through^ 
this dynamic or functional appro^h to materials that perhaps the greatest 
advances in materials effect ivenesV wi 1 1 be made-. 

An example of|%K^ is meant by a"*TlVnamia or functional material is given 
by the "recently de|elopb4^e.f ormable "bajr^ bumpers which absorb the impact of 
a crash and revert ko thei?^^^inal shap'e aft(^ards. They . substitute ^ o 
for much more compfiex structurel^^y^lving bump%s working on hydraulic cylin 
der systems. Anotl^er example is 'the ablating nose &one on space re-entry 
vehicles. ' . ' 



Some of the most sophisticated examples of dy'S^amic materials come fi 
solid state electronics. 'The silicon integrated ciri^uit chip is basically 
single. piece of material (silicon) wTiic^ has been subjected to aa extremely 
'Complex, sequence';bf processing steps, number ing" perhaps a hundred qr more, t 
/prcwduce impurity, alloy, -and surface oxide configurations on the silicon chip 
wJLth a precision, of quantitative and spatial control that is 'unmatched .in any 
.other area of technoLogy and is perhaps surpassed only by nature's structures 
*for handling signals and information in the nervous system. These minute^ 
processed, pieces' of , silicon, which would hardly be noticed as a speck of dust- 
:^ln the eye, when wires and voltages are applied to them, caij, be amplifiers. 



memory units, switches, and many other functional devices. They replace 
older contrapt ionii made of vacuum tu!)es, sockets, capacitors^, resistors, wires 
support structures, transformers. The material savings are enormpus (a, 
million- to a b i 1 1 ion- fo Id ) as well as the saltings in energy needed to* 
opera te the device . - 

One final ^example is also from communicat ions--tl\e prospect of optical 
communications in which telephone and data signals are sent alqng glass fiber 
optical waveguides instead of i\s electrical signals along metal wires and 
cables. The opticnl waveguide, made of ultra-pure glass and as fine as a 
human hair, promises much greater signal carrying capacity than its metal 
cdunterj^arts. .To get some idea 'of the purity of the glass, i,f ocean water 
were as clear one could see to the bottom of the deepest oceans, ihe li^^ht 
wave carrying the signal travels along-^the centre of the fiber, being con- 
fined there by a pjjeciscly-controlled radial distribution of impurities 
which in turti cause ft radial Aj^ariation in the refractive index. The outeP^ 
part of the fiber serves, as. supi^ort and protection.^ Thus, -the properly- . 
processed piece of , glass takes the place of a vfire made of^ metal (usually 
copper) and insulation (paper. 6r polyethylene) ; a bundle, oF fibers can VAkc 
the place of a cable consisting of many hundreds of wires. 

The above cixaigi)les give glimpses of the potential of iniaginative , 
mc>terials^ and func t^naT.. mater i a Is design whieh can have dramatic impact on 
mater ia Is' usage patterns^ ""It is this sort of imagination and ingenuity 'that 
will be needed increasingly tb help meet future mato-rials .supply and' energy, 
constraints. But liow ^an imagination be taught or. cultivated? 
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.[;St|iMAT[ON of MINliRAL RI-SHRVES AND RESOURCES 
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CFIAPTBR IV 
INTRODUCTION TO SECTION II 



The Supply Panbl of COMRATE examined methods of resource' estimation' and 
the quality of current resource estimates. At a time when the future 
adequacy of mineral ! suppl ies is bfeing questioned, and -the United States is 
becomin^g' increasingly dependent on sources of minerals abroad, it . .is essential 
that the best possible estimates of reserves and r,e30urces be ^f^ailable. Such 
estimates are the filrst basis for national policy with respoo^ to minerals. 

It is true that^ almost every mineral comtnodity present^ its own problems 
'of resource estimation. A comprehensive surv6*yrp^ estimates, for all 

miney-als, however, wlis beyond the scope of the^^F^m^l. The Panel chose, - 
instead, to examine /pstlmafes for two important groups of^ resouzxes, fossil 
fuels^'and copper. Tlie two group's of resources differ markedly in geological 
characteristics and cbffer very different problems of resource estimation. 
Studies of the two should serve, therefore, to discover ma j6r aspects of the 
general problem of r,^isoui^ce estimation. Two subpanels' were set tip. '"Chapter 
V gives the f indin^gs of tlie. S,ubpanel on Fossil Puel Resources, and Chapter VI 
the*f indings ,of "the .^ubpahel on Copper Resources. - . 

^ Dbrlng studies by the panels', inforraatior was accumulatfed' not only on • 
"^resourccs of fpssil fueLs- and • copper but also on^ rates ayt' Wnich petroleum, 
natural gas, and copper -may J^e at^ailable frojn the -resources , ~ '-^^ 

is included "in f he. pan61*'rep6rts . 



This information 



GENERAUCONCtUSIONS ^ 



Two general conclusions emerged: , 

1., Information on reserves and resources of minerals today is in many 
different han|s. .Much information is available in government files, but 
mudV is iCn t,he hands of private organizations^ who JiaAAe-acquired it through ' ' 
large expense and years of effort ' in miner-al exploration and;developn|ent and^ 
studies, national -or' worldwide in scope, of resources of commodities of^ 
Interest to them.- CuKrent tesomjce estimates could be greatly improved if 
these two categories- of informa/i,on could be brought together. ih such u wa^-^ 



and in .such timing, that a runninji iavG-ntory of rcsouTce^^ couni'^ main- 
tained. There are, however, difficult problems involved. Among them is the ; 
problem of preserving confidentiality of data that have been acquired at 
private expense and constitute important assets of organizations that have 
obtained them. 

2. As a basis for national planning, resource estimates for many min- 
eral.s are seriously deficient in. that they say little about the economics 
of mineral production and possijple rates of mineral production.' This is 
especially brought out by the .study of copper. United States copper reserves 
are in excess of 40* times current annual production of new copper, yet there 
is serious question |whether. current rates of domestic copper production can be 
maintained to the en'll of the cehtury. When future availability of minerals 
IS in question, estimates of resources in the ground are a first b^t'sis of 
approach,, but such estimates must be supplemented by engineer ing • and economic 
studies of factors that determine rates of mineral production and^processing . 
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CliA\PTER V 
RRSOUlK;pS OF THi: FOSSIL FUELS 




INTRODUCTION 

The subpanel on Fossil Fuel Resources "examined estimates of United States 
and world resources of petroleum and natural gas, tar sands/ oil shales, and 
coal . ■ ■ - ' ' ■ „ ■ 

. ".'A-n attempt has been made to standardize terminology throughout , this - ' 
s"tudy, following the simpler of the guidelines" suggested by McKelvey (1972) 
■and'Theobald,"schweinfurth, and Duncan (1972).' The term reserves is Ihre- 
stricted to material^ that cah be extracted economically from deposits of 
known extent using. conventional methods. The term resources is Msed for 
materials that occurJ>^i- deposes that 'either have not yet been disc^ered 
(undiscovered resef^s) or in\deposits for which technology is not yet 
available W^tOo defcp , ' or |concentrations too lov for. economical recovery 
at present/)^ 

A/iompanying the report ale maps dlligned to show annual\ production, 
provef reserves, and undiscove^d resources of fossil fuels wkthin -different 
largTregions of the world sS A to contrast areas of high production- and 
ar<y^s of high consumption. Redistribution of resources' mainly by ship, is 

dent Metric units are used khroughout , but equivalents in English uni.ts 
a/e given In parentheses. For o|l, pn^-metric ton (tonne) is taken as 
/liTival-ent to 7.5 barrels. DataVa.re for the latest years available. For 
,any maps separate data for 1971 | 1972, , and 1973 are included s«' as to 
'fjresent recent trends. 

Estimation of re^ojjrces of petroleum and natural gas is complicated by 
the fact that, while methods for the estimation of eroved reserves are well_ 
established, there is no generally accepted method for estimating undis- 
covered resources. This is reflected in a considerable range in estimates 
of the latter, particularly estimates of U.S. onshore resources m the lower 
48 states Differences in estimates naturally lead to confusion over t-he 
Availability of petroleum and nttural gas .from domestic sources. This panel 
has therefore paid particular attention to l,he methods used in arriving at 
various estimates. The matter is important because the size of known and 
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ability of the U.S. to increase or 
domest i^^^^p^Q^oleum production during the 
for dcveloptir^jv^ of alternative sources 



Data for rcs\-'rvesyof petroleum aWl natural gas were taken as far as 
possible from published sources or conVilations in order to avoid prejudice 
that miglit arise froii? use of unpublishe^l compilations in company files. Most 
of 'the publications are articles in jouriKils and bulletins written for 
industry. Covermnent compilations might be considered unbiased by some 
readers, but they appear long after each year of .interest. Only preliminary 
estimates are as yet available for 1973, When they do become available, the 
data are essentially the same as thos^e of the technical- journali. It is/ 
■ clear tha^^^ an enormous quantity of public information ^s available on oil 
-and gas production and reserves. It must be understood that the! term proved ' 
^^^^JXSl. ^0^2,^ il^ include all the hydrocarbons that are expected! to be 

produced eventually from discovered oil and gas fields, but onlyWhat amount 
of hydrocarbon about which • there i s no quest ion about recoverabi l\ity . Pub- 
iish,pd data around the world are not available'on which to^ base ahSsstimated 
amount of hydrocarbon discovered W not proved, so unpublished ddta have 
been used to estimate thi's categor>^of reserves. But in the UniteVl State.s it 
is estimated that discovered fields will eventually produce an additional 50 
' percent \ver and above the cited "proved reserve." 

A large amount of information is also available on domestic hydrocarbon 
resources in oil shale, and on resources in tar sands of Alberta. Ihfbrma- 
tion on resources i^ oil shales and tar sands elsewhere in the world\is 
incomplete and sufficient only to indicate ordisrs of magnitude of these 
resources. ' 

Methods of estimating coal resources are well develpped, involving 
standard methods of geological mapping and correlative investigations, 
together with sampling by ^conventional methods.^ [Estimates of the United 
States resources of coal presented in the report are those* calculated by. the 
United States Geological Survey on the basis of da^ta from industry," from the 
geological surveys of various^ coal-bearing states, and from its own investi- 
gations of U.S, coalfields. The estimates are based on a large body of 
information, and the order of magnitude of U.S. coal reserves and resources 
can be considered as well established. Thefe is need, however, for much 
additional information on individual coalfields, and for i^ormation that 
will serve as .a basis for estimates of res.erves of coal of vario^us* types and 
qualiticsr^^ Information, on the sulfur- content of coals in various fields, is 
especiall)^ needed in -view of the p-roblems^of sulfur pollution examined in 
Section II [ by the environmental panel. 

f:stin>ates of world reso'urces of coal are 1 ikewi se' those calculated by 
the U.S. Geolegical 'Survey, Data for various ^ cent inents are soipewhat uneven 
in quality, but the orders of magnitude of resources in the world * s ' maj or 
coal producing regions are probably well establish^^^^^^ time. It -should 
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be noted that data are for. total resources of coal in the Vound, roughly 
one-half of which is estimated to be recoverable. 

Co?iclusions 



Petroleum and Natural Gas Resources 

1 'World resources of petroleum and , natural, gas , discovered reserv 
and undiscoveradJ-ecoverable resources, will be seriously depleted /.by the 
end of the centHTy if present trends of world production and consumption 
continue. ■ ^ 

An estimate of .15 billion tonnes [HS^Hion bbl) for United' ■ 
.States undiscovered," recoverable resources of petroleum appears realistic. 

3 An estimate of ';5 trillion cu. meteers (530 trillion '^u. ftO for 
U.S. undiscovered, recoverable, resources of natural „gas appeajrs realistic.^ ^ 

4. A large increase in U.S. annual production of petroleum and ^atural 

gas is very unlikely. „ ' - ' 

" '* ' 9 

5 The largest untapped oil resource, probably in excess of 27 x 10 
tonnes (202'TTo9 bbl), "is in the' oil in known oil f^lds of ^the/ United 
States, that is„ unreGOverable with present tec;hnology. x 



6. The second largest", but probably njost access ibre.dom^est'ic oil and 
gas resource is under the' continental ■ shelves . •• . \ 

7 U.S. r.e sources of petrol eUftt:3TT-6Tr^ar^ large, but 

future rates of production from ^his sduTde are speculative. \ ^ 



Coal Resources 

8 World and U.S. coal reSTV^s^'-'plus resoin-&^, are adequate for 
hundreds of years at current or evXdo^bled rates of-cojisumption . 



Rdcommendations 



We recommeiWi 




1 That ^>^-^iiew of the \ong lead time ^required for 
development, of alt^?PiZrHiie^u>^es of energy, energy poUcy 
place a strong ^emphasis on^ons^H^T^on ; ^ 
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2,. That research and development aimed 'at increasing 
x^ecotery of petroleum from known oil fields b^. aatipely 
-encouraged. ^ • « 

» *• ^ 

3. * That there be speedy investigation of the continental 
shelves. for oil and gas resourdes\ . 



OIL 

Production of Crude \il and Natural Gas Liquids ' 

Dam on anntial production of crude oil in the linited States anB Ca'nada 
are provided by the American Petroleum Institute in Cooperation witk the 
American Gas Association and the Canadian Petroleum Association (Anonymous, 
.1972a, 1973a). However, production data for the other nations of t4e world 
are assembled by the Oil and Gas Journal , (Anonymous , 1973^ 1973d, 1974a) and 
they d~o not appear In government bureau reports until a year or more l^ter, 
when they are published by the Bureau of Mines' International Petroleum 
Annual (Southard, 1973, 1974). Wh^n published, these data for foreign 
production are essentially the same as those given earlier by the Oil and Gas^ 
Journal . Two secondary sources are the International PetToleum Encyclopedia 
(McCaslin, 1973a, 1974a) that is edited and published by the Oil and Gas 
Journal , and the Minerals Yearbook that is published by the Bureau of Mines: 
the statistics in both compilations are essentially the same as the earlier 
published ones by the same organizations. Data on natural gas liquids (NGL) 
are more difficult to olkain, but ^e total for crude oil plus NGL production 
during 1971 was 553 million tonnes (41 . 5 x 109 bbl) (Albers et al 1973, 
p. I, 126, 127) versus 464 million tonnes (^3.5 x 10^ bbl} for crude oil 
alone in the United States.. The tonnages of crude oil plus NGL for South 
America during 1971 were 240 versus 226 millions (1.8 v. 1.7 x 109 bb"l) . 
Infoiimation on NGL for most of the rest of the world is not reported, is, 
included^ with the crude oil, or does not exist because the NGL was flared df!f 
with the natural gas. The world distribution of reported crude oil produc- 
tion alone is given by Figure*l for 1971 , 1972 , and 1973; that for crude oil 
plus NGL is given by Figure 2. Annual production of crude oil alone (Figure 
1) is concentrated in the Middle East, which, during 1973 produced about 38 
-rcent of the world total,, followed by Asia (mainly U.S. S.R.) «^ith 17.1 
percent, followed by the United States with 16 . 7 -percent . This was the first- 
year that oil production in the United States has not exceeded that in Asia. 
In fact. Figure 1 depicts a steady decline in oil production during the three 
year period by the United States and a steady increase by. both the Middle 
East and Asia. 
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Annual Production of Crude Oil s 
' and Natural" Gas Liquids from Offshore Fields 

Productian of crude oil plus NGL from the continental shelf or other 
underwater regions during 1971 was tabulated by Albers, eO-al. (1973) who 
considered Lake Maracaibo (Venezuela) production to be fr6m land rather than 
from underwater. Data for later production of crude plus NGL are lacking, 
so Figure 3 is based upon production of crude oil alone taken from the Oil_ 
and Gas Jouxnal (McCaslin, 1972, 1973b). Unfortunately, the Oil and Gas 
Journal listings for crude oil production in underwater parts of other 
countries durl'ng 1972 and 1973 are only for giant offshore oil fields and not 
for all fields (the giant offshore fields contribute about 95 percent of_the 
total offshore crude oil production) . Thus the data for 1971 are not quite 
comparable with those for the world during 1972 and 1973. The' main trend 
observed in Figure 3 is a steady decrease in offshore production of crude oil 
from the continental shelves of the United States, in contrast with a flight 
increase in production from other underwater areas of the world, aver|,ging 
about 18 percent of- total production for the three years. Concentrations ■ are 
in -the Persian Gulf,' Lake Maracaibo, Gylf of Mexico, Gulf of Guinea, southern 
California, Bass Strait (Austral ia) , South China and Java . seas , ■ and the 
Caspian Sea in decreasing order of annual production. 

Annual' Consumption 

•Data on- annual consumption of refined petroleum products were compiled 
and published for the various countries of the world by the World Petroleum 
Encyclopedia (McCaslin, 1973a, 1974a) and a year later -by the Bureau of Mines 
International Petroleum Annual (Southard, 1973, 1974). Data are not 
available from the Bureau of Mines for 1973. Oata far individual Communist 
countri-es are not available fo,r any year^. Results from, both sources are 
similar but not identical; therefore, i;i order to preseirt^ comparabl e data 
for 1971^ 1972 and 1973, Figure 4 is based entirely upon the World Petroleum 
(•ncyclopcdla (McCaslin, 1973a, 1974a) tliat 'also contains the latest revised 
figures for consumption during the earlier two years. The regions of con- 
■ sumption of oil products (demand for refined oil) differ markedly from the 
regions of production (Figure 4 versus Figures 1 and 2). For e)^ample, the 
United States consumed about one- third more than it prodilced in terms of 
crude oil (increasing from 31 percentjore in 1971 to 41 percent m 1972 to 
47 percent in 1973)., but Europe consumed about 21 times more than it ptoduced 
When production is expressed in terms of crude oil plus NGL the consumption 
,for the United States during 1971 exceeded production by about 14 percent. 
Shipments to the United States and Europe came from most of the other regions 
with the Middle East shipping 93 percent of its production. Consumption per 
•capita ranged from 3 . .S tonnes (26 bbl) for the United States tb 0.1 tonne ■ ^ 
(0 75 bbl'), for Africa, with the average for the worlB minus the United 
States and Europe at"o.3 tonne (2.25 bbl). Comparison of the data within 
.Figure 4 shows that consumption increased 19 to 25 percent between 1971 and 
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l.i)73 for Asia, South America, and Africa, but: only 13 Co 14 pert,'iMvt for the 
other regions including', the United States and liurJvpe. 

CuiTiulatxve Productii)n " . , 

Cumulative production of crude oil plus N(jM,, was tabulated for ID/l by 
Albers, et al. tli'^S), but as nt)>luter data (?n NHIL are available, the only ' " 
way to have more up^tu^^date cumulative product ion Vfiy.ures is to b;,Ae tjuun' 
uptin crude oil a.lone. . Accorduu^ly. cumulative production in the Mifferent 
re^tions is taken from the i^nly jniblic stmrce, the Oil arul Gas Ji>U7;nal 
U\nonymt)us, U)?3d1, which as for previous yeorSj ciimfl^nVs" x\rjuly T iTigure 
'SK As this compilation ^.^ives no data for cumulative crude oil production 
for the United States or for communist nations, data for these areas had to 
cpme from the American Gas Association (Anonymous, iy?3a, p, 10) through 11)72 
fur the United States and, from Albers^ et aL [ld7^^] for communist nations 
through 1U71 (assuming \hat the communist nations produced 1 i'ttle NGhJ / Both 
cumulations were updated to July 1, U)73 using annuaL production data from the 
nueniational Petroleum hncyclopedia (M^iaslin, U)74a). Noteworthy is the 
fact that the United States has produced more than one-third of the world's 
total crude oil ])ruducod to Uqte. Comparison of the data in h'igure 5 with 
those of Pigure 1 shows littte/relationship between {Cumulative crude oil 
production an'd annua 1 crude 'ol 1 production. I'or example, the cumula^tive crude 
oil production for Narth America, F.urope' and South America is 27 to 22 tifnes 
li)73 production, whereas for Asia, Oceania, the Middle iiast and Afyica it is 
only 13 to 7 times 1973 i)roduction. This lack of relationship is due to 
diffororux^s in the dates when^ initial, large production began/ 

Cumulative , offshore production of crude oil from the continental shelves 
jfnd o;;her underwater areas was tabulated by McCaslin (1974b) to the end of 
1973. His tabulations to the end of 1971 were for tptal offshore crude oil 
(McCaslin, 1972}', but those to the ends of 1972 and 1973 were only for giant ' 
oil fields, « The best approximation seemed to J)e that of adding to the \ 
cumualative offshore inside-oil production through the end of 1971,-^ the annual 
offshore productions for 1972 and 1973. The minor fields appear to add only 
about 5 percent to 'the world total for giant fields during 1972 and i973, so 
the presentation in figure 6 is nearly correct. The ratio of cumulative total 
crude oil production to cumulative offshore crude oil production at the end 
of 1973 (Figures 5 and 6) ranges from 2.0 for Squth America (where production 
from Lake Maracaibo dc^minates) to 49 and 32 for Asia and Europe where off-- 
shor^ oil has been minor through 1973, 

■ Proved Re,serves 

Total proved reserves of crude oil as of January 1, 1974 (Figure 7) are 
entirely from a compilation of data by the Oil anc| Gas Journal . (Anonymous , 
1973c). An earlier compilation,^ at the end of 1971, by Albers, et al. '(1973} 
of the United^States Geological ^Survey, includes NGL ^or the United'States 
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and a few other nations, but omits It for most nations because they do not ^ 
report NGL. Mo.^t of these that product NGL include it with the cru^ oil. 
Corapari.son shows the results given on Figure 7 to be within 25 percent of the 
estimates by Albers, et al. ajad of two oil copipanies that provided records . , 

from their files;* di ffcrcnces^etween these various sources are erratic as 
though due to unsystematic d i f ferences . in methods of estimation from drillhole 
data in various regions. It is reiterated that estimates of proved reserves 
are smaller than the amount of oil expected to be produced ultimately from 
presently discovered fields. Comparison of Figures 7 and 1 shows little 
relationship of proved r^^serves to 1973 production, of crude ojl. The ratio 
' ranges from 10 for the United States to 45 and 68- for the Middle Kast and 
Kurope, with 51 as the world average. - This ratio is not ncQi^rly as significant 
as popularly considered, because .it is not a simple measure of how much oil 
remains to be produced, Instead, it is .influenced considerably by the 
intensity of;^ exploration, the dominant •'kinds of oil field traps and^ the price 
of the oil, /Xnother ratio, that of crude oil reserves to 1973 annual con- 
sumption,, also is of interest. This one ranges fro^^ only 3.2 for Europe 
(destined to increase with expanded exploration in the North Sea) arul.5,6 for 
the Wiited States to .183 for Africa and 650 for the Middle East. ^The ratio 
essentially is a measure of the number. of years* that proved reserves in a 
region can supply crude -oil for the consumption in the same region, in the 
unlikely event that no oil is shipped, that no new reserves are found, and 
that consumption remains constant. ^ , * \ 

Offshore reserves of crbde oil wQrc tabulated by the Oil and Gas ; 
Journal (McCaslin, 1974b) to January 1, 1974, and these dlita are the basis for \^ 
Figure 8. Comparison of l-igures 7 and 8/ shows that proved reserves ot off- 
shore crude oil in different regions range from 1.4 to ^6 percent of total 
proved reserves in .the same regions. The lowest percentage is for Asia (1.4) 
and Africa (7.6) and the highest is for Oceania (36. 4). For the United States 
it is 19\6, which i.^ Slightly greater than tjie ratio of .annual offshore to 
total annual crude oil production (Figures 1 and 3) . ^ 

Weeks (1973) ' estimated the proved w^ld of f shore/reserves of oil plus X 
oil equivalent of gas (1000 m3 of gas = 0.78 tonnes of oil or 6,.040 ft^ = / 
I bbl) to be 19,000 million tonnes (143 x 10^ bbl) .V This figure differs cOn- 
siaerably from the to.tal of 13,000 million tonnes (98 x lO^bbl) of crude oil *. 
from Figure 8Vplus an estimated 700 million ton/es (5,250 x^lO^ bbl)*of oil 
equivalent ^rpm Figure 13, or a total of 13,700 miliion tonnes (103.x 10^ bbl) ^ 
Oj^oil plus oil equivalent. 

Total' Discovered Reserves^ / , . v . 

• ' , • ■ ■ 

In addition to the proved reserves discussed a«bove, there Is a sizeable ^ 
increment of reserves that have been discovered but. are not considered to b^ 
••jsroved.*' This increment, estimated to average 50 percertt, is the difference 
between ultimate production actually obtainable from any given reservoir, and 
the proven reserves assigned to that reservoir at any given time. ^ ^ / 
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r ' \ • '^'h6 reserves shown on Figure 9 represent best estimates of the totarl 

amount of recoverable oil actually discovered, including both proved reserves 
» , »and the increment discussed above. Since there are no published estimsites of 
*thc discovered but unproven increment, estimates of Company D were used in 
^compiling Figure 9. There is a sizeable amount of published information on 
' ^hc techniques of such reserve estimation; Company D»ts estimates were made * 
using well known and widely accepted tochniques. ' > 

GAS • 

Annual production of 'natural gas was compiled from: data in the Qil' and 
Gas Journal (Anonymous, 19726, .1973b, 1974a) and .shown in Figure 10 for ^the 
same regions, as for crude oil production. ^ The' measurements are within about 
' 25 percent of those compiled by *Albers, et .al. (1973) and those .in unpublished 
o ' files of Company D. Little change in gas production is exhibited for the 
threes years^ 1971, 1972, ^and 1973 by the United States, North America, and' 
. South America. Gas production decreased, for Africa, but it increased 50 

percent for the Middle East, 37 percent for Europe, ;33 percent for Oceajiia/^ 
'and 17 percent for Asia. ^The distribution of the 1973 annual production of 
gas ^Figure 10) is very different from that of oil (Figure 1) . The ratio of 
/ ^ «ias-to crude oil m^/tonne ranges from 5,000 m^/tbnne'" (23, 500 ft^/bbl) for 
. . Eufopc and,r,450 m^/tonne (6,800 ft^/bbl) for the United States (and North 
. Aflierica) tq less than 100 m^/tonne (471 ft^/bbl) for the Middle East, Africa, 
and Oceania. The jratio for the entire world is 500 m^/tonne (2 , 350 f t^/bbl) . ,^ 
^ The high ratios for the United States and Europe ar^ due to the nearness of 

the gas-producing fields td. industries that can use the gas. Low ratios else- 
^ where are due to the high cost of liquefying and shipping the gas to indust- 
rial centers.' If the amount of gas brought to the surface has the same ratio 
throughout the world as thelaverage for the United States actual production 
, ,(1.45), then abput. 2,560 billlion cubic meters (90 x 10l2 ft^) of gas is 

V 'brought to the surface but nbt used. This is nearly twice the amount that is 

^ . <^ ^produced and used in the world. ' Some 'of this gas is pumped ,ba-ck unilerground 

^ in larder to improve recovery bf oil, but most of it is flared and vjastef^ ^ 
the other hand, abouf^ two-thiVds of the gas produced in the United State 
not associated wit|i oil. Presumably, little such unassociated gas is pi 
duced elsewhere except in ^Europe or Japan, and so the amount of natural 
flared to waste is correspondingly reduced below the estimate above. 

^ Partial confirmation of the waste of natural ^as in urtdeveloped nations 

{is provided by incomplete statistics on gas production, gas that is marketed, ^ 
"gas used in repressuring, and gafe that is vented or flared. These data were 
assembled 'and published by the ^BiVeau of Mines (K-oellingj 1974). The 
' statistics for 197.2 were .plotted in Figure 11 to permit comparison with data. ^ 
• presente4 by the other figures. T|he totals are similar to those of Figure 
10, but the similarity is^ taken as\an indication that losses due to flaring 
\^ . are grossly underreported. Nevertlteless, Figure 11 clearly shows a greater 
\ ^ utilization of natural gas (oii Jess&r wasting of it) in industrialized 

re^ons' thaW in undeveloped one^,. expressed in another way,*the United StatesT 
^ all pf' Europe, Canada, Australia, Jaftan, and New Zealand market 94 percent of 
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their gas, whereas all other -naticms together tnarketlonly 31 percent. In the 
United States and Canada 84 percent of the rest- of the gas is. used for re- 
pressuring, 'but in the rest of the wo^ld 80 percent olf it is listed as flared. 
Hit* probably this , is a minimum percentage. ;^ 

Ofl'shore gas productionnvas mapped (Figure 12) jfrom data of Albers, 
et aI\(L973) for 1971. No data for 1972 or_1975 Were found in the litera- 
ture. Xor 1971 th? United States ^produced 62 percent of the total of f shore 
natural ^ while producing only 19 perceint of the total offshore crude oil. 
This has recited in a much greater cumulative production of' natural gas in 
the United St^es as Compared with other, oil producing regions .of the world 
(Figure 13). tW principal areas wTierei iS^ge amounts of. gas -are still, being 
flared and wasted^re the Middle East, North Africa and the Gulf. of Guinea. 
But if plans presenHy in process*, in these areas are consummatq.d, much of - 
this waste will be stoWd in the reasonably . near future. Considerable but 
unknown quantities of NGl\ai^ flared off with the natural gas. 



;;pved Resei:ves . ; -* . • 

Proved reserves for natural ga^sTFigure 14) are only 11 times 1973 
production (Figure 10) for p\e United SWes, in comparison with 42 times 
for the entire world. The largest ratias^f proved reserves to 1973 
production are for Africa (550), Oceania (3 ll>9s^ Middle East (220) , and Asia 
(80). However, \he high ratios. in industrial l>N4nd6veloped regions are 
simply the result of low annual reported productioH^of gas (instead, 
pumping it back underground or flaring) . where its usX^^ impractical or where 
liquefying 'aind shipping is' too costly. . ; 

", ' I, 'J » • 

■ UNDISCOVERED RECOVERABLE J^ESOURCES OF OIL' AND GAS" 



Jest 



1^1 - United States 

Many M|"j;iiiates,.6£ undiscovered resources of oil or ^as in the Unitej 
States havem^il made during the past three decades by men assorted eit->» 
with oil compiles or with the U.S. Geological Survey (McCuLf6h, . 1973) . 
known are thSuof Weeks (1948, 1958 and 1960) . former ly, of; Standard Oil 
Company of Ne«ersey (now Ex-xon Company) , and now a- consultant, and Hubbert 
(1956, 1959, I|6?V 1966. 1967, 1969., 1971 and 1974) formerly of ShSll Oil 
Company and- novi/of the U.S., Geological Survey. ' Essentially^, Weeks estimated 
'the areas and v^^^^^^^ of sediment in major basins of the world and multiplied 
these by the , cpftcehtrations of oil in similar basins arranged in three groups 
according to de,|ri|s of favorability for petroleum. 'His, estimate of .undis- 
coveted crude oi)pjJl?us natural gas liquids was 22,300 million tonnei (167 x. 
109 bbl) for lahdiiand ocean flbor of .the United States in 1960. In contrast, 
Hubbert (1967) based his estimates of undiscovered reserves of oil 'and gas 
of the United States upon statistical projections of past oil or gas pro- _ 
ductidn and of drilling experience. Using this method, Hubbert estimated, as 
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of January 1^ 19,^7, 3^^^,500 million tonnes (24-64 x 10^ bbl) of 

covered oil plus NGL. and 5^000-14,000 billion (180-480 x 10^2 ft 

natural gas for land and , adjacent continental shelf exclusive of Alaska. 

Many large oil companies that have active research programs continuously 
compile' informa/ti^n upon petroleum potential in new and old areas. Mostly, 
this infoTmatiojff is considered proprietary, but some of it was provided by 
Company C (did not wish to be ..identified her^) , joUose estimate in 1973 for 
for recoverable crude , oil plus NGL likely ytcn^i^^dis covered^ in the United States 
between 19 73 and 1985 is 7,300 million tonnes (55 x 10^ bbl,)' Far more com- 
plete information was provided by Company D,- which was highly cooperative- 
in this study. Its estimates for the United States updated to April 15., 1974. 
.are 11,900 million tonnes (89 x 10^. bbl) of crude oil plus NGL, including 
^7,200 million (54 x 109) in offshore areas, For^natural gas 'its estimates are 
.12,6Q0 bilXion'm3, including 4,800 billion m3 (170 x 10^2 ft3) in offshore 
areas. Another independent estimate of 12 ,000 million tonnes (90 x 10^ bbl) 
w^s formulated by Company E as of 19 74,^ Larger estimates of undiscovered 
recoverable 'natural gas for the United States were made by Rossinier (1973): 
33,000 billion m3 (1,165 x 10^^ ) including 7,000 billion m3 (250 x 10l2 

ft3) from offshore fields, ^, 

The^^other group of estimates was made by men of the U,S, Geological" Survey , 
First wa,s Hendricks (1965) who extrapolated t^e production per unit area of 
drilled bas^ins throughout the rest of the 'basins or to similar basins, and 
thereby developed an estimate of undiscovered resources of crude ori. amounting 
to 40,00|p million tonnes (301 x 109 bbl) and of natural gas amounting to 
37,000 billion m3 (1,300 x 1012 f.t3) in the United States as of January 1,*^ * 
1962, Recently, Theobald, Schweinfurth, and Duncan (1972) of the U,S. . 
Geological Survey tnadie "new estimates, of undiscovered procjucible resources •of 
the .United States using an extension of the method of Hendricks (1965), Their, 
estimate for crude oil plus NGL was 61,-000 million tonnes (458 ^ 109 bbl) and 
for; natural gas it was 56,000 billion m3 (1,980 x lO^^ ft3) , ^ Separate 
computations indicated that 26,000 million tonnes (195 x 109 bbl) of the crude 
oil plus NGL and 24,000 billion m3 (850 x 10l2 ft3) of th^ natural gas was 
from of'f shore areas. Several times as' much oil and gas was reported present 
but in concentrations too small for recovery by present methods. Publication \ 
of these estim^es aroused considerabl'e opposition from men who had studied 
the question of petroleum resources because the Geological Survey figures dre 
so. much larger t^an other ones. In a Senate heajing, Hubbert (1974) pointed 
put that the estimates made by a Survey Geologist, A, 1), Zapp,, in 19&2 con- 
sidered that the richest p^rts of the basins that were selected fort drilling 
by oil companies were typical of th^entire • basins , other words, the 

• amount of oil to be produced, according to th|e U,S, Geological •Surv-ey , would 
Be proportional only to the number of weMs drilled, with na importance 
att^cKed to differences in the geology within different ^arts of the basins. 
Actual drilling experience, however, shows that the oil produced* per well in 
a given field or region decreases with thd number of wells drilled, sometimes 
expressed also as ^barrels of oil discovered per- foot of exploratory drilling. 
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A new- set of estimates then was prepared by the U.S. Geological Survey 
(McKelvey, W74) with lower figures attributed to consideration of newly 

1012 it3) in -^off shore areas. The revised, es timates are much 1°-^^ ^^^^ 
ones ofn972, but they still-are considerably higher than those made by other 
men a.nd. organizations . j ^ 

^ Table 1 compares the estimates of undi"scovered recoverable resources of 
crude oil plus NGL and of . natural ^as in the United Stat?^.^ ^ • ^ 



TABLE 1 



Estimates of Undiscovered Recoverable Oil Resa^rces of the United 
States 



Oil Companies 

1. Company A 
(Weeks, 1960) 

2. Company C (1973) 

3. ^\^ompany D (1974) 

4w C omp^any E 

i.S. Geological S^rv 
' 5, Hendricks (19655' 

"'V ■ 

6-. Hubbert (1967) ' 

f, 

7. Theobald, et. al 
(1972) 

i 

8. - McKelvey (1974) 

9. Hubbert (1974) 



Oil & NGL ■ ' 

nn^ tonnes) (109 bbD^flpl? mS) <--riol2 ft3) 



22-. 3 



27-54 
9.6 



(168) 




(200-400) 
(72) 



* Exclusive spf Alaska _ 
** Estimated- cfiscaverable between 1973 and 19»5 



12.6 



37 ' 
5-14* 
56 

28-57 
15.3 



(450) 

(1,300) 
(180-500)* 
1,9.80) 

(990-2,000) 

J? 

(540) 
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The Pane's review various estimates and consultations with various 
men and organizations involved indicate that five different methods of esti- 
mating undiscovered hydrocarbon resources have "been employed: (a) straight ■ 
volumetric, ,(b)' geologic basin analysis, (c) probabilistic exploration/ 
engineering\.analysis, (d) analysis of historical production and discovery 
data, and (e) analysis of discovery index. Method (a) was used in estimate t 
A combination of methods (a) and (b) was used in estimates 7 and 8. Method' 
(b) was used in estimate 5. Methods (c), (d), and (e) were used in est^iraate 
4. Methods (d) and (e) were used in estimates 2 and 9. Method (a) and the 
combination o^ methods (a) artd (b) used by various members of the U.S. ' ' 
Geological Survey yielded, results .which appear high, whereas the estimates 
-2.,- 3,^, 5, and 9 above, using methods (b)— (-c~)T-(7i)T~ffncr-C^^-ield-eci " 
reasonably consistent results. ' 



A breakdown of>estimate 4 furnished Company D, and a comparison with 
a breakdown of the 1974 Geological Survey estimate (see Appendix) indicate$ 
that most fef the differences betweerr-estimate 8 and estimate 4 and 9 lie in 
resources estimated . for the coi^terminous 48 states. ' 

the estimates were-reviewed by the panel with vai*Dus men involved. In 
attempting' to reconcile the differences' between estimate 8 and estimates 2, 
4, 5, and ;9 it became evident that certain factors used in estimate 8 could 
have been more\.rigorously derived. Partiaularly critical is the discovery 
ratio assumed for unexpfored parts .of basins iit making estimate 8 (see 
Appendix). The low figures for undiscovered resources were calculated on the 
basis of a discovery ratio of 0.5, the high figures^on the basis of a ratio 
'1.0. Both ratios appear to be too high to b^ used in calculating undiscovered 
resources of the conterminous 48 states 'in which exploration' has been carried 
on for more than 100 years. Hubbert (1974b)^ has rigorously appraised the 

- value of the ration ba^ed on drilling, disc overy , and production data covering 
all explored basins in 'the conterminous United States.. He found the value of 
the ratio, with a high degi^ee of certainty, 'to be very near 0.1. When this 
ratio 15 applied to the portion of estimate 8 representing .undiscovered 
resources in the conterminous 48 states, estimate 8 is reduced to 16 billion 

^tonnes (approximately 120^^0^ bbl). 

Upon review of these^everal estimates and the methodologies upon which 
they are based, it is the judgment of the panel that the undiscovered, hydro- 
carbon resource 'base of the United States including Alaska onshore, and off- 
shore, approximates 15 billion tonne^ (113 billion bbl.) of crude oil and NGL, 
and 15 t^;illion cubic meters (530 x cubic feet) of gas. Although there 

is unavoidable uncertainty in these figures, the uiitertainty is insignificant 
when v,iewed in the context of the enormous difference between, the size of 
these resources and those of coal, and of shale oil (seS> Table 3): 



' i All estimates are in agreement that^q bulk of undiscovered oil ^ 
resources will be found either offshore P^in Alaska. In both area,s develop-^ 
me'ht will be slower and more costly than qn- land development. Also, both 



terrains present added problems stemming . from the need to consider the effects 
of oil production on relatively unknown or. extremely delicate ecosystems. 

FUTURE RATES OF U.S. N^TROLEUM PRODUCTION ^ 

The analyses by Hubbert (1^56, 1957, 1959, 19^2, 1966 and 1 and V 
Appendix) indicate there are definite ipathematical relationships between 
ultimate •res'erves, changes in rates of discovery with time, changes in proved 
reserves wifh^^time, and rates of petroleum produetio^i. Given an ultimate- - . 
reserve (production to date + proved resources unknown recoverable resources) 
of around, 33" X lO^ .tonnes. (247 x. 109 bbl) , a substantial increase in U.S. ^ 
annual production of crude petroleum, even for a^ short period^, is very unlike-^ 
ly. Given, the long lead time necessary for development .of alternate sources ^_ 
of energy, it seems evident that conservation of petroleum should receive a 
strong emphasis in U.S. mineral policy if dependence upon imports of petro- 
leum is to be reduced . . ^ . 

^UNRECOVBRED RESOURCES OF PETROLEUM IN KNOWN OIL FIELDS' ' ' > 

J OF THE UNITED. STATES 

Oil produced, in the 'United States plus proved reserves o£ oil are , 
approximately 18 x 10^ tonnes (136 x 109 bbl). It i-s^ well-known, however,, 
that by use of present methods only a part of the total oil in place in known 
oil fields is recoverable by use o^ present technology. Percent of recovery 
varies widely from field to field, -depending on the characteristics of the 
contained ail and the characteristics of t^e reserves. In a. recent symposium 
on tertiary recovery methods • (Snyder , 1974) a/ range from 13. 5 to 46 percent 
was cited, firm figure for the average reqavery percentage for all. oil 
fields of t/e United States is hot available, but 30 percent appears reason- 
able, whereas 40 percent is probably too^ high. Even if the lafter figure is 
accepted/however, it means that in known oil fields some-27 x 10^ tonnes 
'<202 X yo^ bbl) Remains unrecoverable, roughly twice the estimated unknown , 
recoverable resources. Known unrecovered oil thus appears to constitute the 
large^ single untapped oil resource of the United States. 

• . Research aimed at improving recovery , percentages has been carried on for 
many years, and substantial improvements have be^n achieved since t|ie ear-lier 
days of the petroleum industry. Primary recovery from ordinary wells has 
been supplemented with marked success by secondary, met.tiods^ of gas reprocessing 
and water flooding. It is generally agreed that .further improvement by 
developing tertiary recovery methods will not be easy, but" in view of the 
energy resources at stake, i-esearch and- development of improved methods pf/ 
recovery should be actively encouraged a^ a part of national mineral policy. 

' One me^ns of increasing recovery^ from known fields is the mining of pil-j 
rich sands from reservoir beds of oil fields where wells have reached the 
point of uneconomic production. Where the sands are shallow enough, they c^n 
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be j^ed by stripping, like shallow coal beds; According to Herkenhoff (1972) 
and Anonymous (1974b), there^are 383 kn6wn shallow oil fields (overburden l^ss 
tha^ 150 meters [500 feet]) in the United States. If these were mined, the 
. oil recovei:y^might be increased from the usual 25 to 40 percent attained by' • 
wells to perhaps 90 percent. Similarly, if new techniques of tertiary * * ' 
^recovery are developed, about twice as much additional oU might be produced' . 
as has come from past cumulative production, perhaps yielding 14,00o\million 
tonnes '(105 x 10^ btjl) for the United States and 39,000 million tonnes 
(290 X 109 bbl) for the world ^(Figure 4). • . \ ' 

* * ■ . ^ ■ 

[ ■ ■ ._ :jv.orlq_:oil_resource ^ ." ' 

Estimates of undiscovered resources of oil and gas for the world have 
been compi^led only by oil cornpanies; material is avaijlable from Weeks (1960J, 
from Company C for 1973, and from Company D for 1974. The estimates for ( 
crude oil plus NGL have been plotted -together on Figure 15. The wide range 
of • the estimates. is expectable 'in view of differences in information available 
to each organization. ^Undiscovered resources of natural gas were estim'^ted 
only by Company D, with results presented in Figure 16. Comparison in 
Figures 15f 7. and l^shows. that undiscovered resources of ' crude oil^ in the' 
world exceed proved reserves and they- are 25 to 75 times the 1973 production- 
of crude oil. Similarly, Figures 'l6, 14 and lO^how tKat undiscovered ^ 
resources of natural gas are about 100 times 1973 world production. 
■. . ^ ■ . 

Published estimates of offshore undiscovered resources of the world 
have been made by Weeks (1973, 1974),^ who combi,ned^ crude oil plus I^GL with 
natural gas (using a ratio of ' 1000 m^ of gas equals 0.78 tonne of oil 
(6,040*ft^ gas = 1 bbl oil)). His results foi' undiscovered total petroleum 
resources amount to 183,000 million tonnes (1,370 billion bbl) for thq - 
continental, shelves, small basin . shelves , and shallow se^s; 61,000 x 10^ 
tonnes^ (460 billion bbl) ^for the continental slopes; 12,000 x lo^ tonnes 
(90 billion bbl) for the continental rises; , and 5-, 500 x 10^ tonnes (26 billion 
bbl) far deep-sea trenches and associated ridges. This total of 2-60,000 / \ 
million tonnes (l;950 x 10^ bbl) for'updiscovered resources %n the ocean floor 
approaches the 320,000 million tonnes (2,400"x 109 bbl) for Weeks' (1960) 
estimate for the crude oil plys NGL of the world plus the Company D's estimate 
o£^ undiscovered natural gas of the world (Figure 16) converted to oil 
e(:^iivalent , " 

• . . ■ ■ , ' ■ 

Soviet .interest in undisco^er'ed petroleum resources. of the ocean. .floor is 
illustrated by publications on geperal geological factors (Fedynskiy and 
Levin 1970) . as w-ell .as by quantiX^ativS estimates (Kalinja), 1969). The Matter 
estimated 34,20a^million tonnes^ (2^ billion bbl) ofi^oil>and 13,444 billion ' 
m^ (475*' trillion, ft^) of gas beneath water-covered regions of the world; 
Soviet estimates are thus much lower than those of Weeks (Figures 15 and 16). 
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. SPECULATIVE RESOURCES OF OIL AND GAS 

The most spectacular petroleum accumulatj^€hsLarjs-t^^ ^ _ 

and gas fields of the world. In fact, 70 percen^/df the past cumulative 
production plus^ proved reserves of oxl and ^^^'^fTtent of the same for gas is 

in the giant fields (Halbouty,_et ,al , l'.97&) . --'Probably an even higher per-. v 

centag'e of offshore oilcand .gc^s. is. from ^iant fields, as' the high costs thqreo^'^ 
.preclude development of 'small '^fields on the ocqan^ floor. As shown by Figure 
17, most of the giant fields ocgur in two broad curved belts , one in 
northern South America and western North America and the^, other in northern ^ 
Africa, thp Middle East, and thfe boundary between Europe and Asia. There 
and el.'sewhere the fields occur in^ clusters e^ept iri mainland 'China, where^ . 
scattered single fields attest to incomplete exploration and an expectation 
of., future substantial addition to p^te^uction' and reserves' \ 

JOil and gas fields are widespread along maQ^ continental shelves fFigidre 
18). Noteworthy i^ their absence pf rarity off eastern Asi^, (Except ^ , \ 

' Indonesia'), southern Asia, eastern Africa, northwestern Africa, eastern * 
Unitdd States,' eastern South^erica, -western South America, northern North ^ 
America -^nd Asia, and off Antarctica even 'thtjugh many of these, shelves appear 
to havQ. high potential (^vre U9) . - M^ny^-f the .gaps can be ascribed' to 
ciimatically inhospitableregions ; others are' due to politicari.y inhospitable 
host^nations. As politics' change, considerable. filUng of gaps iij the" . 
distribution pattern of offshore oil' fields may occiur: -Particularly promis-^ 
ing are the. ancient deltas of large rivers of* the world (Figure 20). 'Many . . 
of these deltas are major producing area's of oil and ga^. M^^t others are 

^ inadequately explored owi^g to difficiilties of terrain or politics. When . 
explored, these' deltas should materially i^cre^se ^oil^production and resierves . 

BeLt^ of. thick ^arin'e sediments 'of Me^'sozoic and Tertiary :age (Figure 21) 
"contain fields that produce about'60 percent of ' the world'.s oil and^gas. 

Mos,t*of these belts underlie coastal^ regions, whei;e the^ have been localized 
. b> marginal troughs bounded* on their ^oceanward .sides by dams of tectonic, 
diapiric, or reefal ofigin (Emery:,M970) . Because' 1;he sediments -ii\ -jthe&e ^ , 
troughs' .are thick and\contain much organic matter produced ffqm mn/tients in 
continental runoff, the quantity of oil and gls in,,them,may ^ell^xceed the 
average, far^cbntinental areas that are underlain by pediments : Again, most 
of tHe con^ijierital shelves of the world are less, well explored than the land, 
so the concentrations of oil and gas beneath the shelves. probably are 
greater than expected and listed' among undiscovered reserves in Figure 15. 

Lastly, nothingAreally is known about the oil and gas potential of the 
continental rises (Figi^re 22) . The .volume of . sediments beneath these rise,S 
probably ^ exceeds "the total beneath the^shelves . 'Much of the sediment is fine, 
grained. arid* some of it probably is rich in organic matter, having slid- 
oceanward from positions of accumulation on the continental slope within the 
depth' range of low oxygen content in the ^ocean water (Emery, 1969; and xa 
prpss)/ Seismic-reflection records also^ show the presence of. many velocity 
discontinuities,: probably most of which are layers of sand distributed by 
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tifrbiditx currents, thus being potential reseryoj,r beds. The same seismic 
records retreal the presence of numerous^ folds , rfaults, and ^tratigraphic traps, 

— ^ air of which could b e^i-tesfai^Lconcent rat ion of 'oil aftd gas; Iji spite of ' 

^ . the* promise presented by continejital rises, no exploratory. ,di?illing Has 

occurred on them, largely becajr^q of tlje difficulty in Controlling flows that' 
\ ■ ^ might result from the drillin^V; Probably new methods of well compjletion on 

^ ' ihe deep-ocean floor will b-^ developed during the next de'cade or two,, and 
^ "ftlaese may be | follpwed by festirlg of fhe oil and *gas potential of the contin-^ 
^ - ental rises of^the world. ^ . ^^^^^^^i— 

. * ■■ ^ \: ^ - o _. ' 

' • ^\ ,• . SHALE OIL ^ 

• _ Oil/hks been prodi^ced from oil* shales in Scotland, China, Queensl-and, 
the Ea^£ Baltic (Estonia^-Lenihgr^ld) , and SoutV^fr'ica, and productiTm from 
the East Baltic iarea furnishes about 0.8 percent of the oil production of the 
U.S/S.R. Production in recent decades has never been, kow'ever, more than, a 
* smcdl fraction of annual w6rld oil productiop.^ In the United States oil has 

>. • befen produced only^ ia experimental runs and one large pilot ope¥a<tion. 

Data for the present report are drawn-from' reports by Duncan and Swanson 
■ (1965),. Duncan (1967), Padula (1969) , the National Petroleum .Council (1972),* 
. . and Culberson and Pitman (1973), and are summarized in Table 2.' It must be \J 
stressed, ^however, that data even for the Green River oil ^shales, which have \ 
been more extensively explored and sampled than any other major ^shale cjil ' 
deposits, .are' still incompletely testjed.' The figures in Table 2 serve only 
-l^ to indicate that United States and worjdi resources of shale oil are very 

" large, far larger tlian estimated total uAited Sta^tes,,aTid world resources of 
conventional petroleum^ \ ' ' * 

The sharp increase -in ptices of crude petroleum by^ the Organization, of « 
Petroleum Exporting Countries during 1973-74 has jilaced ^shale oil resources 
^ in an entirely new economic conte'xt. Marginal at, best in 1972, some of the 
richer shale-oil deposits may novy be edonomic. Tracts in 'the Green River oil 
shale basins have been leased>^ahd mining and processing projects have; be^ 
undertaken. Estimates bf,oil resources in the Green River formation differ 
i considerably. 

Duncan and^5wanson estimated 21.3 x 10^ tonnes (160 x 10^ bbl) of oil ^ . 
, .'in shales -of the Green River formation, averaging^ 10. 5j^12 wt-. % of oil (30-35 

^ . gal. /ton) of whiaiv^half was considered^recoverable liftder conditions of 1965. 

^ ■ ;^ The NationalVPetroleum Council (19^2) estimated.,.12 x 10^ tonnes (90 x/lO^ bbl) ' 

tOAbe worth present consideration, the remairfSer of the total of 240 x ib^ 
tonnes (^1,800 x 10^ bbl*) in the formation being deeply buried, too low in 
grade, or insufficiently explored. Even this amount, however, is nea-rjy eqdal 
to the es^tiniated total of proved and undiscovered recoverable resources of 
* > ^ conventional petroleum o'f the«||pite4' State^ . T-racts leased *y the Department 



ERIC' V:.' 107 



r 



5 



1 



95' 



o 



O 

o 

I— I 
I 

un 



tn to to 

(N (N (N, 

I I i 

o o o 



Id 
u 



4-> 

o. 
a. 



un 





00 


00 




00 




•0 


00 


00 


un 


00 




1 


1 


1 


\> 


1 


^0 


LO 


un 


un 


un 


un 


1— 1 
1 




^0 




^0 







O 



I/) 

o 

O 
c/) 
O 



o 
I 

I— I 

CO 



..J 

CO 



X3 
CO* 



O 



to 
o 



'T3 
•H 
•H 

g 



00 
I— I 



/ — \ 


/ N 


/ N 


o 


o 


o 


o 


I— 1 


o 


o 


un 


1 




. 00 


CN 


un 


>>. / ♦ 


>>. / 







o 

00 



• o 



o 



o 



LO 



o 



4 



un r> 

(N tA 

^1 I 

o ^ 



•> 










d 


1 • 




i 












•H 












•> 


•> 






(/) 


(/) 






p: 


p: 


o 




•H 


•H 


1— 1 




(/) 




oj 




Oj 








X3 X 


X3 X 







> 

•H •> 

ct: • 
O 

p: 

o o 
o u 

(/) 
(U 
4J 

ci 

4-> 

CO 

T3 
5> 



> 



bp p: 

C5 (U 

o p: 
p: «H 



o 

p: 

(U o 

(U u oj o oj 



p: 

p: 
o 

5^ 



o ^■ 
CN 



o 



00 CN 
I 

o 
o 



,0 
I—I 
.— I . 



o .o 



CO 



CO 



o 

I 

\0 



un o 

¥ (N 

o to o un 

tn . CN «-H CN 



00 < 
* 00 -H 

^ ^. II 

,—1.^ 00 un 00 

I • I • • 

un . 00 00. 00 



'o 

o 0) 

un bo 



I/) o 
I/) A 
O - 

un 

o 
b I 



^0 



, O 



/ — \ 




/ — \ >. 




Q 


00 


i-H 






rs 


CN^ 


1—1 











O ■ . ■ 
O .—I O'* 



o 









(U 












oj 


oj 








<1> .— 1 


tic 


ber 




1— 1 


•H 


> ,01 


oj 


CO 




CQ 








X 


> X3 




4J 





CO 



o 



n3 

p: 



p: 
o 

4-» a: 



0 

(O 'H 
D to 



O (O 

CO CJU 



(O 



> 

I— I 

o 

bO 



' O 

^ 
> 

1^, 



un 

CN 

I 

CN 



" 00 
00 .00 

. ' I 

00 



^ -<D-0 



/ — \ 






/— 7\ 


o 






O- 


o 




■ 




1—1 


1—1 
















o 










■^n 


^n 




o 


o 


o 




o 


o 


o 


r' .— 1 









/ - 

(O / 

50/ - 



> ' 

-H e _ 
p: a - v^ 



r 



1 1^-.. 



.—I 

to • 

•> CO 

to • 

D to 

a > 

r' 



at 



to 

5 



erJc 



10 e 



9t. 

of the Interior during the past year are* considered to cover resources of not 
less.t|ian 340 million tonnes -(2.6 x 10^ b\)l) .* , ' ^ 

The size of the resour^ces of shale oil, both in the United State's and in 
the world as a whoXa^can easily arouse false hopes of their rapid ^development, • 
as an alternative to conventional petroleum as an energy source. There is 
little prospect, Vhowever, that shale-oil deposits can providp such an alter- 
native. The problems involved in the shale-oil development are formidable, 
pranging from problems of mining and processing technology to envirotimental ^ • 
•'problems of disposal of. waste and availability of water for processing. 
Capital investment ^required for production at ^ level of a billion barrels a 
year, roughly 15 percent of current U.S^: annual consumption of ^'petroleum, is 
enormous. At best, shale ^o^l can/be expected to s'erve only as a\supplement * 
to other sources of elfergy within thje next 10 to 15 years. 

\ TAR SANDS " ^ ' 

- The tar sands resources of the world are incompletely known, but it is * 
. ^Iready clear that they are major world^resb.urces of petroleum. TJje best 
'iknowh deposits, and by far the most productive*; are the far sands of Alberta, 
with a current production ot about 2,20.0,^000 tonnes (165 x 10^ ,bbl.)^of crude 
oil par year; Total resources of %il in tar sands of tFo'ee areas in Alberta 
hayte been' estimated at aroujid 80.x 10^ tonnes (600 x l^bblj. Pow and ^" 
others (1963) es-timated* 40 x ib^ Conn^s (300 x 10^ bbl) recoverable oil • 
whereas Humphrey (1973) estimates ^47 x 10^ -tonnes (350 >fU09. bbl) . <I^ew ( 
'plants planned or proposed will greatly increase the scale .of productio-n. 
" Large deposits of tar sand are also reported to Occur on Melvitle Island in 
. Arctic Canada. . . f * # 

United States re»sourcfes of oil in tar sands are Estimated at "3,900 
million tonnes (29 x Lj^bb-lv). Tar sand deposits m eastern Venezu^j^d ( Oil 
and Gas Journal ," 1973) acre reported to contain abojit 10^ tonnes** (700 x ^ 

10^ bbl) o^ oil , of which about orie-£enthJ.s considered rec&verable with 
'Drcsent* technology. ^ ^ ~ ' • ^ \ 

. 0 ■/ ) ■ ^ - . ^ - - • • •• 

Total world "rfesdurc^es of tar sands* are 'at present unknown - 

^ - .'^ V ^ • : ' / . COAL . ■ ^ . , . ^ . ^ • . " * 

; .\ ^ " -/ . " ' ' " ^ ' ' - / ^ " ■ " . , 

The- annual production of Coal (Figu^ 25*) i"^ r.ather d^ifferent^^.from that * 
of ®^1 (Figure l)^aQir gas (Figure 10) although rather ' sijnirstr . tonnages ot * 
coal and oil were produced^ in the United Staters as well^ as i:he entire world. 

w . ■ ; * ■ • 
*D^uring the p^st year, four tracts were leased /ovferlying a total of 3.6., 
billion tQ«nes (4 'billion- tons), of shale contaMiii)g ^not ' less than 10. 8% piT (30 , 
^llbns per tt>n), with a mean oil content of ahlout 12.5% ^(35 gallons per ,ton) .> * f 
* (^Source: > L. Schramm, USBM, by phone.) / ^ ^ ^ . ■ 

■ " ■- ■ ' 109 . • ■ ' • ' ' ' ' ■ ■ •■/. 



Asia and Europe were tjie^dminant producing regions during 1971, with 40 to 
37 percent of the totat^espectively , as compared with their 17 and 1.3 
percent, of the total worlA^ oil* productionf ""Only 0.3 percent of the world 
fotal^ of coal was produced in the Middle East as ^compared with it^ 38 percent 
of the^'w^rld oil. Aoout one-quarter of the coal was lignite and the rest was 
bltuminolis and anthracite. ^ ' . • 

' Provecl res'erves and undiscovered resources of coal in the ground (Tigure 
25) are evqn larger than those for shale oil (Figures 23 fitndy24). Owing to 
losses in coal mining and processing, however, it is generally estimated that 
only one-half of the co^ .will be recoverable. Rather close conf irmatipii of 
the government estin^.t€s for coal is provided by independent estimates from 
the files of Company D. Reserves and resources iij the United States are 
about 5,800 tames- the annual proi^uction, and for ^the entire world they are 
about 5, 000. times. There is, therefore, no cause for alarm about future needs 
for coal during the next hyndred yea.f s .''^ Moreover it . Like oil shale, can 
augment the supplies of natural oil and gas, both as'a fuel subslfitute and - 
as^material for distillation of oil and ,gast About 110,000 million tonnes 
(121,000 X 10^ short.tons) of re.serves in the United States (200 times the l 
annual production) are at depths shallow enough to be sprippable, although 
one-third of this tonnage may require advanced machinery. Essentially 100 
percent of tfie coal in place is obta^ined by stripping, but only about SO. 
percent is- recovered by present underground mining methods. » If only half of 
the coal reserves and -resourced of Figure' 26 is recovered, the amount ^f 
energy available from^ coal i? still enormously greater than the totaT avail- 
able from oil and gas. Reserves \and^esources are thus very large relative 
to United States needs; however, sei^us environmental problems must J^e 
•resolved before these reserves .can all become available. For the present, , » 
environmental problems set limits ofi the scale of using coal for energy. 

COMPARISON Oh* ENERGY FROM POS^IL FUELS WITH EARTH'S 
' , ENERGY FROM CERTAIN OTHER SOURCES 

For ease in maklW/piiiparisons , some of^the mt)re pertinent s'tatistics 
were drawn f rom ^he preofeding figures rounded off, and compiled in Table 3. 
It is evident that the proved reserves of shale, oil and. coal are many tim^ 
larger tha»||Jjose for petroleum, but this 'does rt^ot tell the \vhole 5tory 
because -of' differences in heats of combustion. , ' 

> ■ • .' . ' ' 

The average heats of combustion of oil (plus NGL) , gas, and coal were 
taken as 11 Kcal/g (5.8 x 10^ BTU/bbl) 9 Kcal/liter (1,260 BTU/ft^), and 
7 Kcal/g (12,600 BTU/lb), respectively. Multiplying these numbers by the 
latest data on world production (Figures 2, 10 and' 25)*, we find that , the 
heats produced by combustion are within a factor of 3 for these materials 
(Table 4). They would "be moi;e nearly equal* were much of the gas^used rather 
than being returned underground or flared, as its heat Value is about 0.23-x 
1020 cal/year (0.09 x 10l8 BTU/year) . The sum of the -heat energy from the 
fossil fuels Actually used is 0.6 x 10^0 cal/year [6/25 x 10^^ BTU/year) ; this 
is three times the energy of 'the tides, and ab^t ^ne-fifjthr the^energy of' the 
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TABLFi 4 Energy Produced from Fossil FudlB Compared with Earth's Energy fT:o1n 
I Certain Other Sources* ' * i 

. ■ . • ^ ^' . . ■ ^ 

r~ 90 1? 20 12 

* 10^-Cal/Year (10 Watts) 10 Cal/Year (10 Watts) 



Combust ion, by Man 

Crude Oil and NGL 0.31 
Natural Gas 0.12 
Ct)al 0.21 

^ Total 

'Dissipated by Tides 
(Earth, water, 
♦ air) 

Radioactivity of 
^ Earth (if like 
chondrite) 

' f 

Geothermal losses of 
Earth 

Solar Energy at ' 
Earth's Surface 



(4.ir 

(1.6) 
(2.8) 



0.^ 

0.2 

2.5' 

3.2 

6,9t)0 



(8.0) 
,(2.7) 

(33.05. • 

(42,0),'^ 
'^(86,000) 



Paytly from Williams and Von Herzen (1974) 



Earth^ interior produced by radioactive decay ancf manifested by "geothermal 
gradients,. However, it is only 0.01 percent ^of the solar energy; in fact, ''it 
equals only 48 minutes of solar radiation striking the^ecitire ^arth. Even 
the total reserves (including undiscovered 01103) have energy e'quajt only to 
two days of solar radiation on tbe Earth. The unwary T%ader might conclude 
that solar energy offers a free ride with respect to supplies of oil, Igas, 
and coal. However > in order to' match the rate of fossil energy use, all of 
the sun's energy that reaches the Earths' s surface within an* area of 100 by 
100 km near the equator would have to be captured. Moreover, at present 
solar energy is much less efficiently converted to .electricity than is fossil 
fuel energy. . . 



112 




100 



.All in all, the low concentration of energy ftom the sun, the tides, 
and from the Earth's interior makes them unattractive at present as large 
scale energy sources compared 'with 'fossil fuels. A&hough natural oil and 
gas have, limited lives at the presently increasing rates cJf use, the reserves 

;of shale oil, tar sands, and coal are so great that mssil energy is likely 
to' be available for^several centuries to come. Their \ise, however, involves 
environmental costs: ^consumption of water, pollutiofi-df streafns, and use of 
land areas for dumping of slag. These costs cannot be precisely evaluated 

^a^gainst the value of the energy that is produced, owing\o changing standards 

^of public concern for 'environment versus energy. - \ 
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, CllAPTHR Vr 
RfiSbuRCES OF.COPPHR 



/ ^ , INTRODUCTION 

"' • - ■ ' . 

^ The subpancl on Copper .Resources examined estimates for United States an( 
worlds-resources of copper, the.. way estimates cdn be made, the uncertainties 
inherent in the different ways of making e^tijnates, and the problems of 
maintaining self-sufficiency of primary .copper production in the United 
States. • . " * " - ' 

Copper was chosen from among possible metals as a topic of study for 
many reasons, but two were of paramount importance in the choice. Firstly, 
it is a commodity that interacts closely 'wit-h fossil fuels; about half of.. 
ithe jSt^imary production^' is used in the^^ production and transmission of el^<r£ri- 
city, dnd as use of energy in the form of electricity continues, to rise, the^ 
.use of 'copper may alsolbe expected to ris^. Secondly, copper is a commodity' 
produced ir? "sufficiently large volume and from s\ich a diversity of sources 
that it is- reasonable to expect that a useful body of data on its occurence , 
and production, is available. ^ » 

Although the initial objective of the^' study of copper was evaluation of 
current estimates of copper resources, thef panel accumulated, in the course 
of its study, a substantial amount of information on faciorS governing th 
availability of copper in the United States between now and the end of thq^ 
century. This information is included in the report. Copper reserves and 
resources, both in the U.S. and the rest of the world, are large relative 
both to'cuj-rertt production and consumption and to production and consumption 
anticipated to the end of the century , /regardless of the anticipated con?^* 
sumption curve. Despite the large siie of resources, however, it is not at 
all certain th^t rates of production^can satisfy demands to the end of the 
century. Rates of production will depend on .such factors as the price of 
copper, the rates at which new oopp'er deposits can be discovered, the rates 
at which resources can be transfe:;/red ' to reserves, and rates of construction 
of smelting and refining capacit;^ . These in turn lead to two problems whi^h 
affect copper avail ability^ but /ha.\^e not yet been fuUy evaluated. They are 
environmental considerations of.bqlh mine production and^smelter capacity and 
the question 'of access to pototitial copper-bearing areas for purposes of 
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prospecting, exploration, and minting. The panel suggests that both questions 
deserve further study. 

' Rcliablie information concerning the annual production and consumption 
of most mineral resQurces is available from several publications/ no^bly^ 
those from the U.S. .Bureau of Mines. Soma information concerning unnuned ^ 
reserves is available/£rom the same sources, but for most commpdi ties tke^ \o 
magnitude of undeveloped and undiscovergd resources is speculative-, and^ 
QStimates are generally of low relia^bilit>K* ^OMRATE set itself the. task of 
evaluating approaches to resource' e'stimate^ and selected copper as a metal for 
which sufficient .information might be available to m%)<e a usefuL analysis. 

■ - * ■' ' o 

Shortly after begj.nning the *6tudy. Professional Paper' 8?^0 was published, 
by the IkS. Geological Survey a^nd its chapter on- copper addressed itself to, 
and answered, many of the initial questions raised' by COMRATE. The Conpit- 
tee has found the inforruation from the U.S.G.S.-and thfe U.S.B.M. exceedingly"* 
'valuable in carrying out 'its 's-tudy and in reaching its conclusions . " ^ 

- ■ ^ • ' 

' . i Conclusiojis v ^ ^ 

1. Availability of chopper from domestic copper deposits during the 
remainder of this century depends both on success in discovery of n^if-deposits 
and on resolution of the'problem of inadequate smelter capacity. - We do hot- 
foresee continued^ United States self-sufficiency in productior> of primary 
copper and therefore recommend a strong policy of conservation>j ^ • 

2. Means of improving the effectiveness of exploration should be sought* 
by industry and encouraged by the governmel^. *' , 

3. Th9 only large, identified class of copper resources'rfbt presently 
being exploited^ appears to be manganese nodule-s on the de^p sea ^loor. -The ^ ' 
magnitude of the recoverable nodule resources is appa^'ei^tly * as large' ajs/ -the ^ ' 
identified copper reserve on^ land. ^' ^ K * * 

* THE AMOUNT .Of RECOVERABLE J COPPER in' THE EARTH ^S^CRUST ' ■ ^ 

■ ■ ^ \- • ■ 
One can make loosely theoretical, bi>t not entirely satisfactory, esti- 
mates of the amount of recove^b.le copper. The average\ontent of copper in 
Earth's crust is 58 ppm so~>>l^at^ copper content of the outer 45 km is 

*In this report, the use of the woivds *:*reserves'' and ''resources'* and their ^ * 
classification conform with the NovWiber 1973 Joint U. S . B .M. -U. S . G .S . \ 
resourgie classification. When contemplating any numerical expression of V ^ 
resources, one should keep in mind thaV "measured reserves," for which the 
uncertainty is at a minimum, are usually\computed with a margin of error of 
20 percent or less. Any other resource category involves a much greater ^ 
margin of error; the estimation of undiscovered resources is an elusive task 
for' which there is no accurate procedure . *^ 
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Ipproximately 4/6 x lo'^^ tonnes, (5 x 



10^^ tons) 



Assuming tm 



mant^le is inaccessible to mining, this the total potential s 
regard tess of what economic and technologic changes lie ahead^^ 



thK deeper 
)ly CKf copper 
It mostsof 

Earth's crust is not really accessiblt? to mir(ing, so 4.6 x 10^^ t^nes is^n 
unrealistic figure. The 70 percent of the crust that lies beneath \he sea 
can be excluded as an unlikely site for large scale, ;lc>w-cost mining\ Of the' 
remainder, which is the e.xposed continental crust, only the upper 10 percent 
will probably ejven be accessible because of problems such as rock strength 



* and rising temperatures. Thus, 1.4 x 10^^. tonnes (1.5 x ^O^^tons) is th 
amount of "accessible'' copper, \and to recover it we would have to mine anc 
process the e^ntire land mass exposed above sea l^vel to a depth of 4.5 ^km 
(2.8 miles)/ 1.4 x lO^^^-tonnes (1\5 x 10^^ tons) is clearly an academic/ 
number. We might predict a technological society that exploited its metallic' 
mineral resources by mining andXprocessing 1 percent of its exposed land mass-, 
but the proces&,ing of' 100 percentNpr even^lO percent seems unreasonable. 

A more realistic evaluation of the amount of ^copper potentially available 
can be ol;)tained by considering how copper occurs in the crust. Mb^t of the 
copper present :i.s locked in solid solution in commori silicate minera4,s, and 
in this form it cannot be concentrated by physical benef iciafion to prctduce^ 
. a coppqr-rich concentrate ready for the. smelter. Recovery of copper, or^an)^/ 
other trace metal, 'f:9dm silicate solid soluti6n generally involves^ disruption 
of the silicate mineral structure. This is an' enei^^-intensiye process. ^ 
Where geological circumstances raisej^ocal coppe^r contents to levels of ^ 0^. 1 
percent or more (that is, local enrichments of 18 ti^m^s pr more above geo- ' 
chemical background/) ; we observe that copper^may jeitl^er form individual- > 
jjinerals which pati be physically concentrated, or it may sometimg,s occur ir\ 
a state amenajrfe to selective chemit:a^\ extraction 'without disruption of 
silicate milierals. Physical 'benefic;Latk)n and- most chemical- leaching.pro- 
cesses ore greatly less energy-int^gsive^than extraction of metals ;frpm 
silicatejS. A' content' of about 0.1 percentXc^ppei* seems, therefore, ^to ^ 
represent a sort of .geochemiGal barrier to Aregular reduction in grade of' 
minable copper ores . . Tbei'efore we consider abrade of 0 .1 perceiit copper to 
be-a'iower tut-off value below which copper resburces may neverr be recovered- 

• . ^ ' » ■ ■ ^ 

*Thc amount of copper present in local concentration and amenable to 
recovery must be vastly less than 1.4 X 10^"^ tonnes (1.5 x 10^^ tons): Eyen 

n heavily mineralized areas such as ' the southvv/esterp portion of the U,S,, 
the area of the crust ^nown to be uaderlain by deposits containing copper at 
graces above^O.l percent 'Cu. is no more than 0.01 percent- If it is assumed 
that the same* "mineralizatioh" factor could be applied around the world, 
and ret^ini\g the' figure of 10 percerft as the accessible pprtion of the crust; 
'the copper tohnage in deposits down to a grade of 0.1 percent^Cu would only 
be 1.4 X 10^0 tonnes (1.5 x 10^^ tons). Inasmuch as the southwestern U.S^ is^-^ 
one of the most richly min*eralized copper regions'in the world, 1.4'-x 10^ 
tonnes can be postulated as an upper limit for the amount of copper that can . • 
be produced by present or future mining methods without overcoming the geo- 
chpmical barrier presented by metals trapped in silicate* solid solutions. " 
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Using the kind of analysis^ jus^t^g^ven. for tlje United States, which ac- • 
counts for/approximately 6.2 percent of the worldls land area, the up p^er limit 
for U.S. copper production is suggested' as 0.9 x 109 tonnes (109, tons). 



. . , Reserves of Copper 

The U.S. Bureau of Mi nes published a Conunodity Data Summary *ij>^january 
^^^^^1974 listing the U.S. reserves of contained metallic copper, esj>±mated to be 
y\' producible at a price of 50(f/pound, to be 75 x 10^ tonnes (J 



Information on world reserve'^ is less satisfactory becaus^ 
reporting in some countries,' bat the U.S.G.S. figure of 



J 10^ tons) . 
inadequate 

. _ _ - / ^ ^ tonnes. 

{344 X 10^ tons) given in^P.P. 820 \^ probably dlqse t^^^rrect. * The present 

. ^ ^. >^...ies (100 and 

150 X 10^ tons>r Reserves plus past production a^eady amount , therefore, to 
approximately 3 percent of the 1.4 x LQ^^tonne^Cl . 5 x 10^^ tons) suggested 
as the^^rld'$ ultimate yield. By t1ie same kind of reasoning, the U.S. 

are about 16 percent of the U.S^ ultifliate 



r s uJ 

reserves, plus\^ai5t product io; 
yield. 




Reserve s^' h cfw e v e 
it >S a 



and 



, imply a high degree of certaint)^ bo.th as to otonna.ge 
common practice for mine opera tors^'^o report as a/ ' 
rial specifically tested and developed for mining/in 
the immediate future.* A mine may therefore have a large annual preducxion 
but^ report constant or even increased reserves from/^ear to year. What is * 
happehsing i6 that resources are being transferred^y development to reserves^. 
Estimatioi/of ultimate yields byymeans other thapf the simple approach^al.- 
ready us/d, therefore, would involve indirect arid consequently less j^^rtaii) . 
evaluating size, grade, and distribution of ore bodies. 



means 0>i 



SIZE OF IDENTIFIED COPreR D^OSITS OF THE WORLD 

During the last six years, three studies have providQ^d extremely valu- 
)le information abput the size of knowi/ copper deposits. Such information is, 
)f course, the cornerstone o£ any consideration of undiscovered resources. 
These studies evaluated copper deposits as follows (see the Bibliography 
at end o'f report for references to/these studies) and found the average size 
of all deposits to be slightly l^ger than 900,000 tonnes (1 million tons) 
of contained topper, but the ;range in size to be very large.' -^""^^^ 
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Investigator 

Pelissonnier , 
•1968 

Pelissonnier, 
1^72 

Amax, 1.970 



J " No. of deposits 
InvestiMted 






522 CUSSR included) 



315 (USSR exdluded) 



Tota^lv Copper Metal' 
Contained (Past' Production 
plus ^'Reserves") 

356^ million tonnes 
-(-39^nvirlMon— short tons) 

396 million tonnes 

(456 million short tons) 

390 miflion tonnes 

{429 million 'short- tortS)' 



The— th-re^— stufiies only include Vnaterial tKat is minable by present 
teehnolog^^^Sand economic standards. The low grade ore, between grades of 0.^* 
and* 0*l:'perGent Cu, therefore, is inadequately represented in th€^ es^timates. 
Neverthelei^s , some very significant ODservations tan be draVn concerning the 
size, type/ ancT distributidn of coppeB deposits . . r * ' - ; • 



Concentration of Copper' 



The Amax studjf_is particu 
bulk of the coppef in the ki-nd 
a* small percentage of the depo 
percent of the copper. This i 
grouped by size classes. For^, 
a:he lower tonnage limit multip 
contained in Table 1 is graphi 
distribution by class, and in 
2 shows that the first three c 
or 1 million tons of metal con 
copper tonnage in known deposi 



larly valuable in that it indicates that' the 

of deposits so far .discovered is contained *in 
sits--28. 9 -percent of the deposits contain 84.8 
s summarized in Table 1, where y^he depQsits are 
each cl^ss t:he upper tonnage limit is eqUal to 
lied by the ^^quaj-e root of 10./ The information 
cally^ presented in Figure 1 as a frequency 
Figure 2 with- a cumulative distribution, Figure 
lasses of deposits (fiiot»e than 900,000 tonnes, 
tained) account for the major part of the 
ts. . . • ■ ; ■ ' . • 



Deposits in Cla'ss #1, with from 9 million to 28.7^mi^lion tonnes (10 
million to 31.6 million tons) of m§tal contained, can be /described as '^super- 
giant*' deposits, vyhereas those in'Class #2, with 2.9' to 9 million tonnes 
(3.1 million to 10 million tons) of copper contained, i^ay be labeled as *'giant*' 
copper deposits. These two classes provide the bulk o'f the current product- 
ion, and it is reasonable to suspect that t^heir undeveloped resources are^ . 
sufficiently large to ensure that the same will\be true in. the future. The"^/^ 
concept of giant and super-giant deposits is Apparently jtist as important in 
mineral deposits as it is in petroleum and gas fields. . Giant and super-giant 
.depcisits with grades between 0.1 and 0.5 percent! copper will presumably 
account for the bulk, of low grade copper resources, when they are idehtified.- 
We conclude, therefore, ^.that-the low grade copper resources will be found 
within geological features that are relatively large and that deposits formed 
in completely unsuspected geological environments! are ynlikely. ^ 



14 
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' ■ Distribution by Geologic Type of Deposit 

^^Any resource appraisal or resoi^rce deveropmejii: program must pray special 
attentfbirt to an* analysis o^ geological envirohments roast favorable- to depasits 
found in Classes ffl tp #3, and ^speci^Sllly to those of^Clas*ses il and #2. 
Many different geologic typ^s of copper— deposits have been recogndz:ed and 
^^mined. ^t'or.def initions, the reader* is referred to ^Professional' Paper 820 
"and to 'PeliVsonni^r (197Z'). * , ^' . * * . 



' . ' Tabi^ 2/lrtdi^at'es th^t 89 percent of the copper mined and developed as 
reserves^-cTccujjs iit. tfir^e -kinds 6f ' deposits and emphasizes tfie critical Im- * \ 
pertaji^ o,f porpti'yry copper and^strata-bbund copper deposits, whidh r together 
'contain 79 percent of the known coppeV reserves. It 'is probable*, but not 
proven', that' undiscovered resources will show the ^ame distribution, Th^ 
j^o'logicai age distributton of the three main 'typ'es- has. ^Iso been shown in 
ra4>le 2. It appears ^here may be a definite age range for. each type . ^This 
is* another geologic factor which should be used in resource appraisal of 
geological belts jo.f known age. . . 

/ It i$ interesting to note that of six deposits in tonnage Class . ?^1., four 
arv© J porphyry copper and two are "strata-boUYid ; in 40 deposits in Ci^ass If 2, 28 
are porphyry copper, nine strata-bound, two massive {^ulfides and one assocr- 
ated. with vbasic and ultrabasic rocks. ' Thus, the' twb maiiv geologic types of 
deposits provide the largest deposits. , ' . ^ 

The U.S'.p.S. has initiated a study of si^a^aad grade characteristics 
of selected ncopper deposits by geologia typ^e and location. Results published 
in Professional Paper 820 are .shown in Figure 3; they confirm Pelissohnier ' s 
data, that porphyry and strata-bound, copper account for the largest deposits. 
Th6 U.S.G.S. data also suggest that marked -differences in size may be found 

within a given geologic type. in different parts of the world. 

■» « " ■ - ■ 

After assembling data for the copper chapter in P.P. 820, Cox, Singer, 
and Drew, of the U.S.G.S. continued upgrading their inventory of known copper 
deposits and released the data in Figure 4 to COMRATE. Although 'it does not 
refine the indication in P.P. 820 that there are geographic size distributions 
within classes, it does indicate that exploration and new development can 
significantly change the reported world reserve "figure . Their new estimate 
is 340 million tonnes (370 million tons), significantly higher. than the 
earlier number of 310 million tonnes (344 million tons). ^ ' 

The porpfiyry populp^tion, which accounts for 50 percent of the copper, 
reserves, has also been the object of a recent special analysis^iby the U1S.G.S 
group. Their conclusion, that both tonnage and grade have a geologic upper 
limit but an economic lower iimit that cHange.s with time, can be deduced from 
Figures 3 and 4. The wide scatter of tonnage at each grade level can be 
^expected for lower grade levels. This means, however, that total metal con- 
tent of lower, grade deposits will also be lower than for deposits known to" 
date. 
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• ^ Changing Size' and Grade^of Deposits with Tiine 

One' important result of rccclit IJ.S.G".S. studies is Socumented by Rigure 
5 and" IXble 3. - Thet-data show that recent discoveries are, ^ori the average, 
\lovrer an -grate Jthan deposits brought^ into production prior ^to 1960/ For 
instance^ .the median dimensions for 19 pre- 1.960 porph)^ry Coppers are 4^0 
million tonn^ (495- million' tons) of.6.84 percent ^copper oi^e containing 3j?8 
mi lid on" tonnes (4/2 million tons) copper metal. This can be compared to ^ 
median' values for all of the' 78 selected porphyry coppers known to date of- 
l24 million tonnes (246 million tons) of 0. 73 percent copper" ore with a meta,! . 
c6n,tent of L.7 million tonnes (1.8 million tons).' This illustrates ,that, in - 
most areas the. first discoveries were the^ largest' and it may be' explained %. 
by the .fact that, in comparison with the smaller deposits found later, the 
l^rge dimensions' of the firsts diseoVerys. allow greater chances of surface ex- 
pres^ion'of mineralization and, therefore, easier discovery. Table 3 illus-- 
trate$ again what'Figur^e 3 pointed to: there at^ geographic" variations in 
gra'de and tonnage of porphyry coppers. ' ' ' " _ 

The bimodal grade distribution observed iji Figure 5 is explained by the ^ 
process, of ^secondary surficial enrichment superimposed on primary copper', 
deposition processes and/or high cut-off grades in politically sen^j^tive 
areas. The tonnage displays a. unimodal distribution. 

With a view to exploration "planning, Amax analyzed the size distribution 
of porphyry copper deposits in two parts .of the North American Cordillera'. 
Figure 6 shows that, ^s of 1968, giki^t or super-giant deposits weye'^ not 
known in Briti'sh .Columbia an^ the Yukon, whereas, in Ar.fzona and southwestern 
New Mexico, many giant deposits had been discovered. The situation changed 
after 1968 when the first British Columbian giant copper deposit , ^Valley^ ^ o 
Copper, was discovered. This illustrates one of the pitfalls in forecasting 
undiscovered resources and demonstrates the need for "a continually upgraded 
data base. • . 

4 ^ ■■ , • ■ ■ . / 

Anothej demonstration of the need for frequent updating of reserves and 
revisions of resource for.ecasts is clearly pointed out by the changes over 
time in the appraisal of the tonnage and grade, of the .Bingham- porphyry copper 
deposit. This is illustrated in Table 4. The remaining proven ore reserves, 
as of 1970, are five times Targ^er as to ore tonnage and 2.5 times larger as 
to n\etal content than the reserves'' as of 1915--and this after extracting, . 
between 1915 and 1970, 3.4 times\the ore tonnage apd 2.2 times the metal 
tonnage of the 1915 reserves. Bingham is. a. super-giant. Class #1 deposit 
which. was explored in steps. * By comparison, many modern discoveries are . 
evaluated thoroughly by drilling the entire deposit, including its submarginal 
mineralization, before an optimum production plan is decided upon. This 
modern approach allows iniproved estimates of "subeconomic*' identified re- 
sources; however, such information is rarely available from mining companies. 
Nonetheless, the information is critically needed for resource evaluation 
prior! to mineral policy formulation. * ' 
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• • Discussion of Lasky's Rule > , . 

S?tudying domestic porphyry copper mines operating before 195d*, S. G^. 
Lasi^ of the U.S.G.S. discovered that within the narrow range of thefteconp- 
micaiJy minabj.^ grades jJTah Arithmetic dacline in grade was associated with a 
geometric increase of the tonnage 't>f re5erve^s, which he expressed** as : ' . 

\. ' * • ^ - ' 

Grade ~ ~ ^^^^ tonnage?)* 

' ' , ■ ■ ■ X 

in which K,, are constants.. ■ ^ . 

^ For the^average U.S. porpHyry. copper deposit , he found that a decrease 
in grade of 0.1 percent Cu was "associated with an. increase in tonnage of * 
about 18 percent. ' ' , * 

In his "paper, Lasky -stated that similar tonnage-grade relationships 
seemed to -apply to. such 'widely-divergent deposits as the low-grade syngenetit 
manganese -deposits in the Artillery Mountains i>f Arizona, the vanadium and 
phosphate deposits of Idaho and Wyoming, the Falconbridge nickel deposit, and 
the Alaska- Juneau g"old deposit. ' ^ .1 , 

In the erroneous belief that the Lasky principle could be extended to all 
kinds of deposits' and over virtually all ranges \of -ore grades, various writers 
have arrived at grossly optimistic and. completely unrealistic estimates of 
undiscovered reserves of mineral resources withoMt suffic^-ent regard for the 
geological evidence. ■ ^ - ^ \ I " 

. - ■ ' ■ ; " ■ • - ■ ■ ■ ' . ' /' ' ' ■ ■ " 

The French school of gepstatis^ticians headed\by Matheron has shown that, 
in a general manner', ore deposits over large ireas tend^ to have grade distri- 
bution,^ which, when plotted as logarithms on the abscissae against the ton- 
nage plotted -on the ordinate, yield a normal Gauss\ian bell-shaped ciirve. 
They have also recognized, as a sequel of this mor^ general principle; that 
Lasky *s rule will only hold true for a restricted range of values in economic 
deposits above some lower gr^ade limit. Outside of this range, however, 
Lasky's rule will lead to absurd predictions and unrealistic expectations pn 
tonnage-grade relationships*. It will manifestly fail, for example, with 
high-grade iron and aluminum ores, • *^ ^ , " ^ 

T. S. Lovering", in an excellent study published in the volume '^Resources « 
and Man,** pointed out some ^ of the limitations pf Lasky 's rule on both the 
high and low tonnage sides, both of. whtich lead to obviously meaningless con- 
clusions.' He argued that such processes as fracturing of rocks, weathering, 
and sedimentation often result in higher grade minable ore Bodies, but with a 
more or less pronounced break in the continuity of ore grades when approaching 
the surrounding protore or 'barren 'rockl He warned that Lasky 'sAyG (arith- 
metic-geometric) ratio should be found notoriously ind'ffective for the 
majority of mercury, gold, silver, tungsten, iead, zinc, antimony , beryllium, 
tantalum, niobium, and rare earth deposits. ^ * 
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. It is evident that Lasky's principle, while u^firl in a .restricted, 
practical .range of. values for many /individual min^s^and mining districts, the 
geologi^c^l evidenpe-permitting, ip^t be rejected as a universal tool for the 
statistical evaluation of minera/ distribution over larger areas. In parti- 
cular, the use of Lasky's rule ^t'o predict future gignt-sized, still Ibwer- ^ 
grade, resources is erroneous, overly optimistic', and 'unrealisti^c . /The 
^. riumbeij of giant and super-giant ore bodiea with grades between 0^ and ff. 5 
percent is probably yery small if, in fact, any exist at all. 



Geographical Distribution: * Copper Pr6vinces 



Pelissonnier demonstrated that the concept of metallogenic provinces is 
definitely meaningful with Tegai:d: to the distribution cTf copper deposits 
around the world-. 98 percent of fhe copper, inventoried by Pelissonnier is 
contained in 11 copper provinoes, which cover ^nly a small 'pa?Tt of the contin- 
ental crust. These 11 provinces are listed in Table 5 and shown in Figure 7. 
Thus, the distributions of copper deposits, with regard to metal content, 
geologic type, location, and geologic environment (i.e., geologic proA^ince) 
demonstrate pa'tterhs^which mi'^ht be used in resource appraisaf. This know- 
• ledge allows extrapolation als to what may b6, foui^d in unexplored areas and 
under cover of barren rocks J " .| , ' 

Following alwbrkshop pS^ld^ by COMRATE, orie of the attendees^ T'aul Eimon, 
served as ^coordinator in assembling and preparing a map on which. all known ^ 
copper deposits, whether under production or not, are plotted. From this 
valuable map (Figure 19) the location of several metallogenic provinces is 
readily apparent; for example, the Urals, a belt along western South\ America 
coinciding with the Andes, arid a, remarkable lin^ear belt in Zambia and. Zaire. 
We consider it possible that within ' these metallogenic -provinces , as rtfuch as 
0.01 percent of the surfaceWy be underlain by deposits with grades of 0.1 
percent or better. Outside 9^ the provinces,'^' the frequency of deposit:^^ is 
ceAainly much lower. 



RESOURCES OF THE\WORLD 



Just a$ we seek tdxlearn 



the past in order to plan' better for t\ve 
future, so can we use our"^knowleci^^^\of discovered copper deposits (including 
pas^ production and *'reserves*0. to a^n^a^^ considering undiscovered \, 
copper resources of ttie world. This k;^!^d^^ be employed either in \ 
sub^jectivje appraisal b>^-geologists\using^v!^^ e^t^erienced judgment, or as the 
foylidatl-on for a ^ua^itat^v^e^ ^praisal" into consideration cost \ 

and ''price factors 
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/'Experienced /Judgment** Geological Apprat^Hi---fU-r^ 




r. Approach)^ 



1 



3. In potential future copper provinces , Vhich are regions considered 
geologically favorab^^e fjpr the occurrenc'e. of copper deppsiis , because of 
geological, similarity wi/th known copp^ provinces'. The provinces can be 
assessed simply by comparison with an average of geologically similar copper" 
provinces, using statistics of the deposit population in similar areas. The 
Pacific Belt of Far Eastern Siberia, the . eastern side of the Ural Mountains, 
and parts of North "Africa may be considered as' potential future provinces. 



Depending upon the degree of geologicalxkn'owledge/in 'the areas\i-nvolved, 
such appraisal can be made as follows: \ 

ir^ In known cp^per provinces ," the potential for discover>^,f-Tfew copper 
^resources can'be assessed for each geologic type of . dfeposit,..^4cTlo^ or ' *- 

expectable, in t^he province.?^ ^ . 

(a) as to the number of discoveries to be mad0^, according to the ^ , 

,d^egree of exploration p± the geologically f^orable environments' 
and to the. density of mineralization in known mineral districts 
and belts, and , . , * / . 

•A . V . • . ■. ■ •■ \ ■ \ • . • ■ . • 

Cb) as to size of n'ew= deposits according to tonnage and grade . 
distributioa-of known deposits ;i™ the province. t 

, . .. . . # - : • \ " - : ■ 

2.^ In new copper provinces , newly recogpized be^^ause of a recent 
discovery, e.g., Australasian Islantl Arcs, Ce'htral America 'and Central Iran 
porphyry . copper provinces, the potential can be assessed by comparison with 
g.^ologicaliy similar known proviijiees where this largest knowp deposits of the 
same geologic type are si,milar in si^e 'and g^blogy to the recent ..discovery 
in the new province. j . ^ I ^ 



The.U.S.CS. copper resou/ce appraisal reported in Professional Paper 
820 employs the judgmerit method. We have removed from their estimates $uch 
resources as copper-bearing nodules on the bottom of the ^deep oceans, - and 
have increased world reserves to take account of new data and summarized 
their results in Table 6. The indicated total of 0.13 x 10^^ tonnes (0.142 x^ 
10^^ tons) of contained copper is, th/is, 10 percent of the 1.3 x 10^^ tonnes 
(1.4 X 10-^^ tons) considered a recoverable maximum.^ The ^^experienced judg- 
ments^ 'method cannot reasonably take into accouat the potential of regions of 
unknown geology, such as parts of Antarctica or the sand and laterite covered 
.regions of Central Australia. We do not believe it . likely , how^ever ,-^tHat the 
^^experienced judgment" method is low by more than a factor of two or three. 
The* ^^experienced judgment** method cannot account for completely unconventional 
resources,^ such as manganese ^nodules, for which we latk experience. What the 
^'experienced judgment'* estimate suggests, therefore, is that a very . signifi-. , 
cant fraction of the world's recoverable copper resources will bie found in ^ 
deposits of the kind with whibh we are already familiar. ' ♦ 
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/Quantitative Geofeic-Economic Resource Ap^ra^S 

[1iia/aWoach^oneered „by thp' European Economic Commun ^ . 
^\\rm X^„^^^,3/by.j. Brinck. Figure .8 (^prodvleed from Brinyk's 
bas^'d on-a study by ^rinck, using 19^3 copper data. "The ^ 
serve-resource terminology has be^n modified'^ to .Con- 
B.M. classification. ./The horizontal scale depip 

ps o f 'po ss iib 1 y mine ab 1 e d epo s i t s , . t,h e • y prtXc ah: 
groups. For the whple world, Bri^ck assumed . 
^ xlei^-tons) ta an av-e-rage d-epth.oF 2.5 km 




applied 
197r 
Euro 
fbr^ 
> ^the total 
■ spa le „t 

• a rock/tonnape "of -\0^^ tonne 



(l.feiniles) with an-^^ge ^r^.d§>^^m;ppW-C^u • J^^' ^^""^^t^lJ}^'' ■ 
if thexgraph (left bfttt^l^Reading^^h^^ „ 
and^contdering the total, voWme ofWi::$ofine^ . L • 
as a posSle copper deposit, its cont^nf^irCu^7 x I-qI 3 'tonnes (7^ 



13 tons) Eu on the- horizontal scale. 



|Diagonally"iil5*fards frPm the origin, a line^.h^ been drawn to depict the 




expectable deposit^s of highest g^ade for any; given Wer content . ^ According 
to the fh^ry of de w\Vs. ;i|sedW the European .E'condmic-^feemmun it ie| , a.'' ■ 
r^ource tonnag^l^. o^^a^e>a^A^^ ana^pecific minexaJ^ability* Q. ; 

can^s^ ti^es iT.^?*-^"^^^^ each. As a psult Jf 

this pro4ess>\^ + l-:>littYr-ent-g-r^e&^^^ can be expected." repre- 

^emtgd by ot^ 

Associated ■-w-ii^t-^^^^ti grad^e^^^^mber. of equ^l ,^.ap^f tlTat:5rade. 

represented by the\^^5^^5:S-a^i^^ ' 

, > ^ . nr- I - - MTM- - :^^-^^^^P find only one 

\AContent o^ ^:^^^^^ ^ \ ^^"^l • " 

(l+Q)"^and toiinage having a metal 

" Y * ' " ' ° 

t-ibal highest grade of a single, 

ion tonnes of Cu metal: Set: 
70 ppm, -Q =,0.i981i. ; ' 

^^^^^ .ies and glossaries, ha^s 

capacity of rock masses to conta'in 



*This '.tongue^^^^^^(isting wofo^ no"^ 
^een coined by^^'M^^k, to\hd: 
\tallic m-neral: 




/ 
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^ 10 X 7 X .10 X (—^9-777),.= 10 ^ or:.* «: =^j^g 



^ ■ 1.198,1 
log 



which yields « = 35,255, meaning -that t^e gr^de of this^single deposifc^Qf * 

18 ^ . * ' ' '7 

.10 « ■■ * % ■ " , ■ • • ■ . 

ycc - 24.422 million tonnes (26.9 ftiillion tons) is expected -td be ■ 

(1.1981)"^ X 70 ppm = 40,950 ppm- or 4.1'o Cu' ' • ^f^ 

As can be seen an Figure 8, this is one of the points on the. diagonal line 

through the origin. - . - ' . ^ ^ • 

- By; manipulating « the the6retical size and grade of deposits containing 
the same tonnage of metal (.say 1 mil lion tonnes) , but of lower grades, than 
those reprefsented by the diagonal line, can be found. Clearly, th.e combined 
Cu- tonnage of these lower-grade deposits and the frequenfy of their occurrence 
are expectably higher than for the single highest-grade deposit. This trend ^ : 
towards more frequent occurrence with Id'wered grade is .also expressed on 
Figure 8, and the entire system of 14.nes has been labeled the **Iris-diagri^m'» 
by Bri'nck. ' ^ > 

In^ reading down along the 1 million tonne lj.ne of this, diagram, at the 
intersection with the lO''; tonae Cu line (up froin the horizontal scale), for 
example, we find abrade (on the vertical scale) of 2.82 percent. The infer- 
ence ffpm this is^ that, worldwide, we may expect the presence of the equiva- 
Ment of 10 ore bodies of 35.5 millibn tonnes (3'9 . t^nU.l lion tons) of an 
average of -2,82 percen^t Cu. ore, each containing 1 million tonnes o'f Cu -mdjial. 
T4iis ■^finding must be interpreted, not as .saying that these 10 ore bodies will- 
eventually be encountered as s;,ich, but only that the occurrence of sucb a 
-body can.^be deemed to be 10 times as likely as that of the single 24.4 million 
..tonne type ore body of ,4.1 percent Cu of the diagonal line. 

Cloae . to t^he^centQi? of the, Jris-line for one million tonnes, the graph-, 
shows a point marked* 1963. This 'irepresents the' total 1963 world inventory, 
established by the European Economic Communities, of Cu metal in past pro- 
duction and estimated reserves of 220 millibn tonnes (242 million tons) "of 
Cu metal ■«preson^..4n pre of an ove-rall' average grdde' of aboyt 1.65 percent. 
From the data of this inventory, a specif Ic-mineralizability, Q = 0.1981, for 
..copper was 'derived. \> . 
' ' ' * • •• * " , « ■ ■ ' ' . 

Another, system of cuTve?l linei^ apoeats' onVigu'r^ 8-and they attempt to 
delimit the economically vi%ble combinjations of stonnage. and grade estahlisheci 
for 1963 conditions, of interest to the industryVand on which, therefore,* 
exploratory activity should b"e , focused .. 
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. The areas of economic interest dcl,incatcd on- the graph by limits of 40, 
60, and? 80(f /pound copper were arrived at by computing the expectable ''unit 
cost" including dpei'ating, capital Investment, and exploration costs per 
'pound of copper, for each tonnage and grade combination, along any cffie of the 
lines of the * IriSrd iagram (.15|(>3 figures). 

The area delineated by the 40t/p5und curve to the left and the vertical 
%ine tJrrough the poifnt^ "1965'Mndicates that a total potential-of about 0.98 
,x 10^^^ tonnes'- (1 . 08 X 10^^ tons) of. contained copper existed in 4963 for 
conditional and undiscovered resources. Bv.en ignoring changes in price and 
amount .mined, the total resources suggested by the Brinck. method do not^differ 
drastically from other estimates.' They arc less* than an order of magnitude, ; 
above the D.vS.C.S. estimate and very cLd^e to the amoun^ oF recoverable 
copper**" suggested earlier from simple geocrvcmical reasoning. 



V 



Unconventional Copper Resources : Xopep Ocean Nodules 

Besides conventional kinds of deposits, we must also be aware of the 
piDSsibility that completely unconventio,nal deposits, 'not heretofore exploited, 
V^ay ev^tually be transferred from a resource' category to a reserve. The . 
only possibility we can identify is the copper contained in manganif erous 
nodules on the deep ocean floor. A great deal of, attention has been focused 
on . the nodules leading some to be optimistic, others skeptical about^xthe 
possibility of , future explo-itatiOn.. There are four principal reaspns for 
believing that a change from resource to reserve may spon be realistic: \^ > 
f'> a. ' 

1. Industry representatives predict that techniques allowing full scale 
mining of nodules from the floor of the^ Pacific Ocean at water depths between 
5,6'50 arid 4,580 m (12,000 to 15,t)00 feet) will bfe successfully developed' and 
tested by 1976 (Dubs, 1?)74) . , ^ 

.2. ,A viable regime .of exploitations ' by the private mineral sector has 
/ been proposed to Congress (II. R." 12233 and S. 2878 introduced January 23, 1974 
'by Mr; Downing and. Mr. MetCicilf). Yhe bill would provide the Secretary of • 
the Ihterioi* with authority to regulate "the hard mineral resources of the sea 
floor pending an international regime. . * 

5. The First International Law bf^ thd;^^ea Conference, held in. Caracas, 
Venezuela in June 1974, recognized copper-rich'^manganese -nodules 'as a poten- 
tially valuable resource and one of the reasonV^for trying to settle pwner- \ 

ship problems at^ futurp meetings. ' ' * . 

» ^ . *~ . 

4. At least two successful metallurgical procedures* have b^en developed 

for procGssinfg the recovered nodules . . Although the procedi^res novy consume 

approximately five times as much energy to produce the same amount of refined 

"copper as is consumed in production ^of' copper by conAA^ntibnal methods, 4 1 can 

be? anticipated that the enetgy consumption wiLU^ecline with technological . - 

experience. , ^ , ' v 
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As a eonscqucncc of these inQasures^ , economic recovery of copper, nickel, 
cobalt, and^ossibly manganese and molybdenum has been predicted for ,1980 at 
tlvp level of 9,070 tonnes (10, Ot)0^ tons) of nodules per day (dry weight) or 
about 2,730,^000 tonn'es' (3,000,000 tons) of nodules per mining unit per year. 
If the varidi><; predictions have^^any validity, as indeed they seem to, ihe,^ 
magnitude of the resource is such that nodules may be destined to pla^^x^ 
significant role in future world copper production. It is possible,to fore- 
see a major role for the copper ^from nodules in the production of topper 
during this xcaturv. ' ' | 

Estimates of the magnitude of copper' contained in nodules mad^'in U.S.G.S. 
Professional M'aper 820 under; the classification 6f ' conditional resources are . 
of the order of 45,.4 millioh tonnes^SO million tons), of copper metal. The ^ x 
number is not explained in detail. Earlier estimates by Mero (1964) and by 
McKclvey and Wang (1969) have indicated that nodules are widespread ancj ' 
abundant on the floor qf the world oceans, and suggest that the Professional 
Pape^r 820 f i gnro prnR^i y very conservalive . • 

Size of Copper Resources in Nodules • ' 

Data for estimating the magnitude of the copper resource* in nodules are, 
in the hands of the private sector, derived from prLvately-f inapced explora- 
tion and sampling of * mining sites, and, in the public sector, dei'ived' from . 
the National Science F-oundation' s IDOE'program,, which assembled data from 
vaFj.ous oceanographic institutions both U.S. and foreign. Unfortunately,- 
there is little in the published material Of the IDOE reports (1972, 1973) 
that can be directly applied to an. estimate ^bf the copper metal resource in 
manganese nodules and the^ private sector has so far been unwilling "^j^make 
all of its information available. * * , 

Although nodules have been known since 1876, the quality of the public 
data bank remain^ low. Little statistical quality control can be applied to 
the data and th.e te'clinology of sampling and 'exploration is still .relatively 
primitive. Much pfi^gress^ so remains to be made in understanding the 
process of nodule genesis. Nonetheless , using such data as are avarl^ble 
from IDOE reports, an «mpirdcal estimate of the copper nodule resource can 
6e attempted either by^a "geological control'* or^ by an "area of influence" 
approach . ^ I ^ < ^ • / 

A. Geological Contr<)l Approach : -By 19/2 sufficient was known of the 
co.pper content of nodules from tl:^^, world oceans for the data repdrted in 
figure 9 to be compiled. Nodules containing- the. highest copper contents are 
found in a band on the Northwest Pacific Ocean, floor (Figure lOy between 
7°30 and 15° N; and 110° and 160° W covering an area of 375 sqnare degrees 
or about 4,470,000 km^ (1,720,000 squaje ' mil^s) . This is a unique province 
of siliceous oozes vyith w%ll-defined boundaries, characterized by low sedi- 
mentation rates. Although th§ word "average" is not defined in the reports, 
the copper contents of ''nodules shown on F-igure 10 yi^ld an "average" of 1.16 
percent ^copper by weight/ . ^ > 
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Unfortunately,' IDOE reports do not provide data on the abundanc<j of 
nodules on the ocean floor, and we have been unable to obtain firm^ estimates 
from other sources. llowev,er, estimates by Schatz (1971) indicate arrange qf; 
5 to 20' kg/m2 (1-4 Ib/ft^) with an "average" of 10 kg/m^ (2 lb/ft ),or 
10.000 tonncs/km2 (26.860 tons/mi^) for ocean mining sites (Figure U)..^ 

This suggests that the magnitude, of the copper contained in %his unique 
geological province could be as large as 4.5 x 10^" tonnes (5 x 10 tons]". 
If the North Pacific Province is ynique, it repi^esents roughly 4,47.0,000 km 
(1,720,000 sciMare miles) Out of 450..000,000 km2 (173,000,000 .sc^uare miles) of 
total world ocean area, or, roughly, 1 percent. Because it, is Icnown that 
nodule densities vary greatly, but little is known quantitatively about the^ 
"pat-chiness" of nodule distriButiony it -would be safest to accept 4.5 x 10 
tonnes (5 x 10^^ tonsf as an unrecoverable maximum, and to assume that no ^ 
more- than about 1 percent of the predicted total is pmesfent and recoverable. 
This still suggests that at least. 0.d45 x lOlO tonneS ,(0.05 x 10^" tons). 6f 
Cu metal might be recovered (Tables 7 and 8). If the province is not unique., 
and if it can be hypothesized that even oh,e comparable environment. _ex;ists , 
copper in deep sea nodules might be assumed to increase .proportipnately to 
as much as 109 tonnes (1.1 x 109 tons). , 

B. Are a of Influence Approach : ^If it is assumed that the oceans -haye. 
been- "thoroughly sampled" (i.e., no new sites remain, to be found) and that 
each point with nodule abundances Represents a location (on the map .Figure b 
arbitrarily comparable to that on Schatz's map (Figure 11), 51,500 km / ^ , 
(1,98,000 square miles) or four square degrees, the copper tonnage in r/odules 
can be estimated as follows: 

No. of Stations 



Pacific (Figure 9A) 
Atlantic/Indian (Figure 9B) 



Cu 0.5 -'V-O^o 
66 
11 



Cu 1.0 r 20% 
25- 
0' 



By taking an "average" abundance of nodules of /o,000 tonnes per km^ 
median values for copper percentage, the tonnages are as follows: 

^ / 

Copper Ton/age in Million TonTies 



and 



@ 0.75% Ci 



Pacific (Figure 9A) 
Atlantic/Indian (Figure 9B) 
TOTAL 



(g 1.5% Cu 

. / 
/ 193 

/ 0 

193 



1 .4 2 



Because both estimates- A and B are of the" same order • of magnitude , and 
becaus/cach is probably conservative , it appear^ 'CHat' (i) the amount @f. ' . 
coppeif in nodules may be of the same order of magnidide. as J'c^pper in developed 
''TT>^cryes, of converrtional ore deposits; (ii) because, the nodules are an 
identified (discovered) resource, their rol.e in future copper supplies will 
become increasingly significant; (iii) consideration should be given to 
research for enhancing knowledge of the deposits; and (iv) policy impltcationS 
of nodules to future U.S. co[jper supply are high]/y significant. . ' . 

' ' . / 

,^ Summary of World^, Copper Resources 

However the world's copper resources are estimated , tHe recoverable ton- 
nage, without having to extract the metal from silicate solid solution, seems 
to lie between 0.5 x 10^^ and 1.4 x 10^^ tonnes (0 .55^ - 1.5 x 10^^ tpn'^) . The 
upper limit is an "order of magnitude larger thao the copper resource figure 
proposedM)y the U/S.G.S. in P.P. 820. World reserves of ^copper ,are Large. 
Worlct supply to the end of ' the century ' for this critical ' metal , ^ so vital for 
the effective distribution of electricity, will apparently 'depend xmre on 
additional miniilg and processing capacity than on discovery o€ new depdsi'ts. 

United States reserves of copper a^re^ 75. million; tonnes (83 million, tons) 
'and the IhS.G.S. estimates that an additional 90- million tonne% (LOO millibn 
tons) of undiscovered resources exist in/ known mining districts plu5 109 
million tonnes (120 million tons) in undiscovered districts (TaBle 6). Pri- ' 
mary production of copper in the U.S. is 1.5 r^ii;Lion tonnes (1.7 million tons) 
a year and growing. Viewed solely fron/ a reserve^in the-'ground point of view, 
domestic copper supplies' thus seem to be a problem of the 21st, not the 20th 
century. However, econpmic factors intervene . ' These are discussed in the 
next section. Despite the seemingly sanguine reserve and resource pictures, 
it develops that additional discoveries at a significant; rate-wilf be necesi 
sary if U.S. production rates are to be maintained to the end of the^century . 
Th<i panel concludes, therefore, that there is a need to, stimulate effective 
domestic mineral exploration and production. ' ' 



On a more technical basis, the panel concludes that one "specific aspect 
of copper resource appraisal which deserves special emphasis^ by the U.S.G.S. 
is a study of potential strata-boun,^ copper provinces in the U.S., based on 
an analysis of strata-bound copper deposits of trte world similar to the 
U. S.G . S. ' analysis of porphyry copper deposits. , ^ , 



UNITED STATES PRODUCTION CAPABILITY 



U.S. and World Mine Production 

^ . ■ ■ 

Table 9A shows, according to the January^ 1975 U.S.B.M. Commodity Data • \ 

Summary, primary mine production an.d reserves in the main copper producirig ' - - ■ \ 
countries of^the world. The table suggests that U.5. reserves of copper: are \ 

^ 15-5 
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adequate to meet U.S. demands during the next 25 years. However, analyses 
of the supply of copper from primary U.S.. sources presented' by Wimpf^n and v 
Bennett of the. -U,S. B.M. before COMRATE, and published by Bennett et al. (1973), 
indicate that the future picture is not as clear as Table 9A suggests. Other ^ 
facto'lrs intervene and make', it most unlikely thstt self-suf f iciertcy can be 
reached and maintained. COMRATE. believes that tfiese economic analyses, made 
using available information on reserves and conditional ' resources (identified 
subecortomic resources) ^ "have much validity. The analyses take into >acc(Junt 
the lead times required to» expand. an existing operation, or to start a new 
.operation, and. the declining production capacity of mines nearing exhaustion. 

• Rottyitial , Deficit in Domestic Primary Copper Supply 

• ^ - ■ . ^ , 

According to an:A^analysis by Bennett et al. , the apparent U.S. consumption 
of primary refined copper ^n , 1972 was 1 . 7 million tonnes (1. 9 million tons) , 
^which Were supplied ,86 percent from domestic m'ines, 10 percent from net 
imports, and 4 percent froifl a drawdown of stocks such stocks being^mostly of 
domestic origin. At an 'assumed, but widely a<^.cepted, average annual con- ' 
fumption growth rate of 4 percent, the demand. /for primary Copper in 1985 
would be nearly 2.6 million tonnes . (2. 9 million tons) (see Figure 12) . . How- 
ever, projected mine production will be only 1.7 million tonnes (1.9 million 
tons).in 1985. This results in a predicted 900,0^00 tonne (1 millicvi ton) 
deficit in domestic printary supply 12 year5 hence^ For thg immediate futute, 
lack of domestic smelting capacity is more important than mine capacity. Due ^ 
in part to environmental protection restraints, declining smelter capacity 
may also cause a deficit^ ^ Attempts to predict ^the possible longer term 
effects of environmental control reguljitions (see Figure 13) suggest a 
deficit- of 410, TOO tonnes (450,000 tons) by 198a. ' ^ 

Thus, the U.S.B.M. contemplates a reversal from self-sufficiency in 
copper to-ji growing dependency on imports (shown by the area between mine 
production^and primary demand in Figure 13). The U.S.B.M. does, point out, 
without endorsing its point, that mine production without any constraints, 
based on announced expansions in prior years and continuation of normal 
growth rate for the latter part of the period, could apparently satisfy U.S. 
primary demand. For this to be true,' however,' U.S. smelting and^ refining 
^capacity would also Have to be expandedvin an environmentally acceptable 
manner to treat the mine production. ' , . ^ 

'-U.S. Production Capabrlities Based on Identified Resources 

An illustration of ' expectable, comparative 1970 cost levels for a hypo-, 
'thetical, large, new U.S. operation, comprising a mine, mill and dump leach 
fac;ilities is given in Fiigure 14, ^derived from data.by the .U.S.B.M. The 
chart shows a '»Net Smelter Return'* royalty pf 5 percent on the resulting pro- 
ductio^i: copper sulfide concentrates copper cenlent precipitates and .elefctro- 
won copper. The 'chart also shows t^he relative magnitude of taxes, profit 
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postconcentrator costs of. 
a ^^minimum selling price of 



required for a 12 percVnt DCF-ROI after 
transportation, sineltiirc and refining 
^ 'Copper/' 

Each »'co5t" el;cinent >Ln tko graph includd^s dep^Siati^on and amortization 
^ allowable depletion, locaiynd^d taxes, a>^ neVprofit required Vor a ' 
12 percent/discbunted cashVlow r^sUirn on investment (DCF-ROl) after taxes 
However, /the tax and prof it VontribCKions to the miVmum\elling price for'the 
mining, and milling operation^only ar\separately broR^ ob^ in the two left- 
hand bars of the chart; similc\rly for tl\^leaching methi^ these contributions 
^ ai:c separately shown in the tw^ ri'ght-hancKbar^^harts . TK^ transportation, 
smelting, and refining costs ^KrWotal/charV^^ (including tX, ani prof its) ' 
for tho.^e separate operations, W >^ . x \, ^ \ \ 

/ It i^s to be noted that, as du\(v^^ considered a\cavenging 

operation, the costs of mining and Yr^sportation tb^the dump are fiKlly 
. charged to the (normal) flotation opWa^s^q^ (two lefKhand bars in cMrt) and 
only the costs of bedding, circulat i^ anSL r^cbver;^ a-reSdebited to '^leaching 
(two right-hand bars in chart). " x . 

The distribution of U.S.. >xima'fy cW)per iH^uc1^ion,\'accd>ding to metal- 
lurgic/al extraction method, xs shown in Table 9b\l *U shows thaKthere has 
been iittle change over the lastMS, years\ in the p%B6rtion of hyd^metallur- 
gLcay to pyrometallurgical copper reisoverA. AnnouncX^nts have heenNnade by 
10 (/ompc^^es for pilot plants to test Vew \chenucal'^ sm>vlt^.ng, i.e., h>>dro- 
metallurgical process for treatment of cbppW sulfides . MSowever, 'only on^ 
new, sizable metallurgical plant has been,%Vounced recentl\^ 
90, 000 tonnes (100,000 tons| metaJ per year % New' Mexico . ' rKwouljd appear 
. that jiew metallurgical approaches will have aiV impact Ion productSonXonly 15 
years hence, ^ x , 

• , ^ In 1.950 and 1960>^25 percent of ore was extracti-d in underground opera- 
y tions; the increasing a^nbunt of open-pit extraction i^*; reflected hy *ch 
* decrease of underground extraction in,, 1970 to 113 per^dlit, 1975--Z7 percent. 

Breakthroughs in rock shattering (fracturing) technology and the develop- 
'ment of JixLvLants that would allow in situ soUrtion mining^of low-gflide 
^ sulfide ob^es at 'low cokfs would considerab^^y, increa^It/ie reserves of copper 
in the U.5. However, even though considerable work i^^'i^ng done along 
tl\ese l ines, no low-cost methods have been deveiQped . to^fcte for deep, low- 
gr^Ie, sulfide ores. Again, such approaches ,; if they art; successfully devel- 
oped^wilL Effect production 6f copper in 20 ye'ars or more.' 

UXing^the costs, shown in Figure 14, the U.S.B.M. has determined the 
amount of donffestic recoverable copper resources, i'.e. , measured and indicated 
economric resources (reserves) available at different prices of copper\ ' Such 
resources were computed -also for different rates of return (DCF-ROI after all 
taxes). The results, graphed in . FJ:gufe 15, show how price-sensitive copper 
. resources are.' At a price of $4,40 per kilogram ($2 per pound) of copper, 
•about 162 million tonnes (180 , million tons) -of copper coufd be economically 
^ recovered. This is to be compared with ]972-.]|973 statements of U.S. reserves 
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in the range 73 to 81 m.illit)n tonnes (81 to 90 million tons) of -copper, at 
50 to 60^ price. These estimates allow a credit for th^ by-products of copper 
production: gold, molybdenum, and silver. 

The U.^.3.M. determined that the potential annual production ratev at 
12 percent DCF-ROI and 50<f price, is about 2.3 million l^onne-s (2.5' mjlllion 
tons) of copper per year (see Figure 16). However, thi^ assumed that no 
Restrictions are pladed on the scheduling of production from the deposits; no 
time is*allotted for expansion , 'development , and startupL But, in. reality, 
some copper operations justify a long projected life, whbreas others can he, 
reasonably projected for only 10- to 15 years. Also, in Reality, time allow- 
ances must be made Tor preproductibn development, startuf^, and expansion 
(Bailly, ' 1966) . For a new operation, feasibility' and en^dironmental studies 
will take from one to three years and the subsequent preriroduction develop- 
ment from two to seven years . S|artup period needed to r^each decision -capa- 
city will be -six to eighteen moqths. ■ 

Using the 1970 capacity as a base andapplying realiktic time factors, 
it then turns out that the i-ncreased theoretical capaciti(^s shown in Figure 
16 could not be reach|;d at all, as shown in Figure 17. If domestic operc\tors 
could double their productions-rate (from two percent to fd^ur percent of . 
reserves per year), the theoretical capacities would be reached; such an 
approach is not economically wise in the eyes of the mine operators. In any 
case, such an approach would deplete domestic reserves by the year 2000. In 
addition, the maximum capacity that- coul€ be reached at different prices of ^, 
copper could not be maintained for loijg, unless^a 'continuous replacement of 
reserves takes place through discoveries and/or improvement in extraction 
technology. The 'pi'o-j ectit)ns shown in Figure 17 will, most likely, prove 
incorrect because the industry will react to circumstances and search for, 
discover, and develdp new^epoSits and develop new extractive technology, m 
response' to anticipated demand. 

ViAs for most^resourcc industries, one of'the 'limiting shortages may turnj 
out to be the availability of capital. It has been estimated that, by^thp.^ 
year 2000,- the U.S.' copper industry will have to replace 50 percent Qf^ts 
1.8 million'tonnc. (2 million ton) metal annual capacity now installed. To 
this must be added nev^ capacity of 3.6 million tonnes (4 million tons) by 
2000 The investment required "based on $3,630 per annual tonne ($3,300 per 
annual ton) would approximate $16.5 billion or $600 million each year" 
(Lawrence, I974-) . This capital requirement is very sizeable when compared to 
the sales'value of $2 billion of the primary copper produced currently per 
. year, Aespetially since recently started operation^ cost much more than^3 bOp 
per an^iual tonne ($3,30Q per annual ton) capacity--actually $4,400 to ?5,500 
pei> aMiual tonne ($4 , 000-$5 , OOO per" annual ton) . 

One conclusion' resulting from .the U.S.B.M. study is that additional 
discoveries must 'be made which will transfer undiscovered reso,urces into the 
identified economic resource (reserve) category. COMRATE's copper resource 
■ estimates, and those of the U.S.G.S., indimte that the resource base most 
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likely does exist in the U.S. To obtain this transfer/copper exploration 
must be contirvued successfulTy . rr t- 



Need for Copper Discoveries ^ 

. Additional production needed to satisfy the U.S.B.M. demand forecast is 
equivalent to putting on stream, each year, an operation processing 36,000 
tonnes (40,000 tons) per day of ore, averaging 0.6 percent copper. Assuming / 
a minimum economic li^e of 20 years (at a high production rate of five ■ 
o^r^'i?^ ""^'^T:' P^^y^^^)' this is about equivalent to a 230 million tonne 
(250 million ton) depos,it, i.e., a Class #3 deposit. In addition, just to 
nTJ ^y?" °" current ore reserves, the U.S. must discover each year a 
. 230 million tonne (250 million ton)„ deposit containing 0.8 percent copper, 
»or. a 300 million tonne (330 mil lion ton) deposit containing 0.6 percent 
copper. I.e., another Class #3 deposit. In other words; to maintain its 
position and avoid, future depletion by maintaining a steady state of reserve 
readiness, the U.S. alone needs to find -two Class #3 deposits each year, or 
one Class #2 (giant) deposit, the equivalent of '53,0 million tonnes (580 . , 
mi-llioa tx)ns) of 0.6 percent copper or^ containing 3.2 million tonnes (3.5 
million tons) metal. To achieve .the Same reserve readiness, the world musf . 
discover each year a billion ton ore deposit containing 0. 8. percent copper. 
I.e., a large Class #2 (giant) depos-it. The record indicates this has not 
been achieved in the U.S. in recent -years through known new discoveries " 
.Reserve development has largely been" in areas of old 'discoveries As dis-^ 
cussed, deposits have limits to their sizes, and it is becomirtg more pre-^ ' 
valent to te^ a body completely before mining starts. Future maintenance of 
production muSi;. depend, to an increasing extent on" new discoveries. It is 
clear'from the following discussion that the cost of discovery is'high. 

COST OF MINERAL DISCOVERY 

^ Copper is one of several mineral commodities which are used-in suffi- 
cient volume,: and the reserves of which are so limited, that discovery- ' 
oriented exploration programs for it by industry and/or government are lecono- ' 
mically justified;". 

Exploration Phases ' 

In any giv^n area containing, 6r judged to be favorable to the occurr- \ 
ence of copper deposits, the- search effort over time follows an evolution \ 
pat:tern including three" generafions (or phases) of exploration. 

' - ■ . ■ . 

The first generation exploration effort consists of surface prospecting 
which results in discovery of Outcropping deposits. This has been, ttf date 
the most ^productive approach for copper as welT as for , most other metal com- 
modities. For instance, the. major part of the pre-1960 porphyry coppers was 
found through prospectijig. " ' 
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The second generation exploration effort consists of geological mapping 
and instrumental (geochemical , geophysical, airborne, etc.) surveys around 
known deposits, or known ipetal showings, resulting in discovery of new . 
deposits in knowA mineral izcd districts. During that pha^e the extrapolation 
is pragmatic, 'rat>^£r timid, and With limited conceptual content. This ap- 
* proach," howevei?, results in substantial increases 'in reserves. For instance-, 
'as shown in I^lgure 18, the reserves created by 21 years of ^econd-generation 
exploration of porphyry coppers in North America during the period 1950-1971 
amount to 40 million tonnes (44 million tons) of metal contained in 39 
deposits, as of '1971. This* can be compared with reserve^s, as of the same 
year, of 41 million tonnes (45 million tons) in 17 deposits found ^before 1950, 
in the samp area. 

/■ 

The third generation exploration effort consists of using geological 
occurrence models (sometimes with genetic content) of deposits and of their 
settings. ■ Such models allow the formulation of predictions about mineral 
provinces and mineral occurrences in the absence of mineralized outcrops and 
"in the absence of anomalies resulting from instrumental surveys; This con- 
ceptual approach has not yet produced many reserves , . but it is expected that 
it will in the future, thanks to the major improvements in recent times* in 
the conceptual, genetic content of the science^ of ore deposition. This 
approach is essentially geological remote sensing^ It is followed, of course, 
by geological and instrumental field surveys. 

For each generation, the first discovery in any province is usually ^ 
followed by a surge of new discoveries. Then this generation (or phase) ends 



The discovery cost per deposit, or per unit of commodity is negligible 
during the first generation effort. It increas.es considerably during the 
second gcncration effort ./^ As .shown in Table- 10, this cost (including all 
expenditures previous to development as defined jfor tax purposes) during the 
20-year period, 1951-1970, increased in Canada, firom 0.6 percent to two per- 
cent of the "gross value of inetals contained in thfe discoveries. During the 
15-year period, 1955^-1969, it increased in the wes^tern'U.S- , from one perr- 
cent to 2.2 percent of the gross valye of metals discovered. The year 1950 
marks aprproximately the tra,nsiti\)n throughout the World from first to second 
generation exploration efforts. \ * 

• The efficiency of the exploration dollar varies considerably with differ- 
ent generations of exploration, different regions, and different tergets; 
this is clearly shown by Table 11. " 

Over the last 20 years, the efficiency of the' exploration 'dollar has . 
decreased by about two- thirds . It appears that this 'decrease will continue. 
Table 10 also shows that the, cost for each discovery has' increased by a 
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factor of seven in Canada; even though, jio reliable data are available for the 
U.S., the increase is probably of the same order. No data are available for 
costs of third generation discoveries; COMRATE estimates that it will be dt 
least 10 times the cost of the second phase. ' 



Adequacy of Do,mestic ' Exploration 

<- ^ • 

For large^ to medium-sized copper deposits in Arizona, the average in- 
vestment ro equip a deposit for production, including smelter, and refinery _ 
capacity, is presently about .100 times the actual discovery costs (excluding 
cost of failures at^ther sites) and the average vaTue of annual ptoduction 
derived therefrom, about' 30 times the discovery cost. The U.S.B.M.'s' 
economic study of copper supply from domestic resources indicated ^hat the 
copper* industry in the U.S. should each year equip one new, mine extracting, 
daily 40,000 tons of ore "averaging 0.6 percent copper, just to satisfy the 
expected increase in demand. ' With the recovery of five kilograms of copper 
per tonne (10 pounds per ton), of ore, this represents a gross value of 'hietal 
production of about $66,000,000 annually, and a total investment of 
$200,000,000. In this light, maintaining the 1970 level of exploration 
expenditures, in Arizona and- New Mexico, is ^/apparently adequate to satisfy 
the additional demand. However, knowing that exploration costs have increased 
very rapidly in the last^20 years and will, most probably (barring cost- 
effective breakjthroughs in exploration science and technology), continue to 
increase drastically, it appears that the current domestic exploration level 
is not adequate to satisfy the expected continued intrease in demand; It is 
definitely not adequate tp provide for a replacement of reserves at the 
producing mines. 

The need for increasing (a) exploration"effQ,ctiveness--'Moing the right 
things" which .lead to discovery; (b) exploration ef f iciency--"doing such 
things well and at low cost"; and (c) the intensity of the exploration effort, 
rs becoming critical. Because of this realization, COMRATE'^ is planning to 
convene several future workshops on mineral exploration science and techno- 
logy to investigate- the following topics: ' " . - 

- v 

1. R 5 D on geological models for ^discovery planning and resource 
appraisal; ^ 

• 2. R D for improving detection technology: (a) indirect detection . 
(geological mapping, geophysical a,nd geochemical techniques, remote sensing) ' 
and (b) direct detection (sampling technology, with emphasis on drilling 
technology) . . . • 
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•ABLE 2 ■ Main Ceolo^c Types ^pf Copper, Deposits (After PelissDnier, 1968, 



and their' Geolt^gic i^es (After C. Meyer, unpubjLishe,d) 



i eologic Type 



Torphyry Copper 



St rdta- Bound Coppdrs (In 
Sedimentary Rocks) 



Massjive Sulfides (In 
joieanic ^li^n^blage 



^ Sub :otal ' 



\ In 

In 




UaSic and Ultrabasic 
Rj)pks ^ 

:ntermediate-*Basic 



Livjas 
Othjer Types 

\ Total 



Cu.^istilibution ^ 
by Type 1% Tonnagel' Class Geologic Age Range 

1972 (from Table 1)- (million ye.ars) 



89.0% 



2.9 



2.7 



5.4 



52.4 Class 1 
Class 6, 



26.9 Class ,1^ -/ 
Class 



9.9 Class '3 
Glass 7 



€9.2% 



4.7 

2.3 
^3.8 



V Mostly 30-130; 

Solne in Paleozoic: 
300-500. Some as 
. recenV as- 1 . 

Mos.tly\500-ls800*. 
. ' A few' 200- 500. 

One recent. ^ 

' ^ ■ ' "' ^ 

: ( Mostly 1,800-3,260. 
None between 500 
and .L,800. Some 
younger than 500. 
A few^^ry recent.- 



100.0% 100.0% 



/ 
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TABLR 3 



Median Tonnage, Grade and Copper Content of Porphyry •Copper Deposits 
(Including Past' Production > *"Reserves") (After U.5.G.S.0 



Units: million tonnes (million short tons) * '» , ':' 

; ^ \ Copper toritont 

♦ Number Size, in in 'mil lion " ' 

. of ' million'^ Grade tonnes copper 

Deposits- tonnes ore* -i Cu contained* 



v All Porphyry' Copper Deposits . 7^ 
U.S. 'and Mexico 39 
Canada ' ^ 15 

'Andes and Pacific , 24 

Pre-19^0 Porphyry Copper Deposits »1'9 



222 ( 246 ) - .73 
244 (268) ' .72 



1.6 ^1.8) 




1.7 (l.,9) 



188 (20i5) 
216 (238) 
450 (495) 



\ 



.53 '1.0 (i.l) 



:93 
.84 



2.0" (2.2) 
3.8 (4.2) 



"* Million short tons shown in parentheses- 
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, TABLB 4-2 

s 

Arring-ton, Leonard J. and G.B. Hans/n, 1963, "The Richest Hole on 
Earth"': a-History of the . Bingham Copper Mine: Utah State 
University, Monograph Series, Vol. XI, No. 1, October 1963, 
103 pp. , ^ " 

.Kennocott Copper Corporation, Annual Reports for years 1963 through 1^: 
1970 and March 10, .>1971 Registr^ltion Statement with Securities 
and Exchange .Commission. Production estimated foT> 1963 and 
' 1967. " ^ • 

» 

Parsons, A.B., 1933, Utah--Thc Prospect : in^ The Porpfiyry Coppers, 
1933. On pages 54-55, the author summarizes the Jackling- 
Gemmell evaluation report written at Bingham in September, 1899. 

- Kennecott Copper Corporation, 1916, Report for tHi|»eriod May 27, 1915 
to December 31, 1915: New York, April 7, im, P^^l- 

Boutwell, J,M., Iv935, Copper deposits at Bingham, Utah: in Copper 
Resources of the World, 16 'th International Gdologig^al ^ 
Congress, Vol. 1, p. 347-539;^see p. 358. \ 

Keftnecott Copper Corporation, J971 , Stock Prospectus ^filed with 
> Secftrities an^ Exchange Commission, April 22, 1971, p. 11. ■ 

In 'Ihe report mentioned in (3) above, the authors indicate the "great, 
extent" of the deposit, thus implying additional reserves 

would be found. 

<j , • ^ 

To these^reserves should be added Anaconda's Carr Fork reserve^ which, 
geologically, are part of the same ore body artd have been 
described in Anaconda's 1972 Annual ReporJ: as a substantial 
tonnagg of l-3°6 copper ore, for which fea'sibility studies for' 
a large, scf^le, underground mining operation are under way. 

Average for the 10 prior years. 

This 'tonnage of waste from start through 1961;^ actually a considerable 
amount of waste rock has been dump-leached for several dec^ides 
and has contributed up to- 25% of the recovered copper metal 
in recent years . 




156 



■J} f 

TABLE 5 Main Copper Provinces of the World 

Percent Distribution of Copper Metal (after Pelissohnier , 1972)* 



: ■\ 

Copper Provinces (PelissonnieAs^l972) 


4 

Percentage of 
Copper in 
All Provinces 


Main Types of Deposits 


Andean V"^^^^ 


28.8 


Porphyry co{)pers 


North American Cordilleran 


22.7 


Porphyry coppers ' ' , 


South Central Africa 


19,3 


Strata-bound ^ 


Norths-American Great Lakes 

7 


8.2 


Massive sulfides, 
strata-bound, and 
basic rocks 


NortJiArn Hurope " 


8.5 


Strata -bound and 
massive sulfides 


Ural-Kazak5tan 


4.1 


Porphyry coppers, 
and strata-bound 


Hast Mediterranean 


2.2 


Massive sulfides and 
porphyry coppers 


lIuQlva, vSpain 


1.8 


Massive sulfides 


Phil j ppi nes 


1 . .3 


Porphyry coppers 


Japan , 


1.9 

> 


•Massive sulfides' * 


Eastern Australia o 


1.2 


Strata-bound and 
mas-sive sulfides 




100. 0"a 



* This represents 98"o of copper inventoried in the w6rld by Pelissonnier 
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TABLE 8 Probable "Goppe,f Resources, 

0 


Pacific 


Ocean 


Nodule belt 




7.5 




15°N 


(t.5°] 


Long'itude range. ^ ^ ^ 


110 


- 


160° 


(50°) 


Area, square degrees 


375 








'2.2. 
Kin v.'^-^ J 


4.5 


X 




(1/75 X 10^) , 


2 .2 

iNOQUieS, t on lie 5 /Kin ^LUIib/lllx j muu^xan 


lo'^ 






(28,500) 


Nodules, tonnes (tons) 


4.5 


X 




(4.95 X ^O^^O 


Copper Resources 0 0.75"a • 


338 


X 




(372 X 10^) 


tonnes (tons)'^^ LS'^o.^ 


675 


X 




(773 X 10^) 


^ 0 mean value 


■432 


X 


10^ 


C475 X X^S ■ 




TABLF: % World Copper Mine Production and Reserves (lOOO's short tons) 

(From U.S.B.*M.' - Commoditl Data Summaries - Jan.'' 1973 and Jan. 1974) 



Country 




United States 
Canada 
Chile 
Peru 
Zaire 
Zambia 

ither Free World 
ommunist countries 
(except Yugoslavia) 

World' total 



1971 


1972 


1973 
(est.) 


Estimate of 
Jan. 1973 


Reserves* 
Jan. 1974 


1,522 


1,665 


1,717 


81,000 


83,000 


. .720 


801' 


' 900 


30,000. 


33,000 " 


, 79f 


799 


800 


56,000 


58,000 


235 


^248 


■ 240 


" 22,000 


23,000 


449 


: . '473 


510 


^ 20,000 


20,000 


718 


791 


800 


27,000 


29,000 


,1,231 


'1,437 


1,533 


64,000 


82,000 


999 • 


1,100 


1,200 . 


40,000 , 


42, .000. 


6,665 


7,314 


7,7Q0 


340,000 ^ 


370,000 



^rro 



* Reser\/es include "Measured'V reserves computed with a margin of *rror of 20% 
or less, and' "Indicated'^ and "Inferred" reserves estimated within a much 
larger margin of drror. ^ r . ' ^ 
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TMSIE 9B U.S-.A. Primary Copper Mine Production / 

(Distribution according tq .metallurgical recovery method) 



r 



Pyromcta 1 lurgica 1 Recovery 
(Sme 1 1 f ng , Refining) 

Concentrates from sulfide - 

/T lota t ion 
, ' 

Cement copper obtained by ■ 

precipitation of iron 
(Dump leaching 
(Heap leaching 
(In-place leaching 

Hydrometallurgical Recovery 
(Solvent Extraction, 
Electrowinning) 
(Dump leachip^^ ' 
^Hieap leachmg * \, 
'X^ai leaching 

Total U.S. Priin^ry Copper 
Mine*" Production 1000/ s 
short tons 



1975 
1973 (Pro- 
1950 1960 1970 107^1 1972 CEst.) jectved) 



92.0 87.0 86.5^ 86.4 . 86.3 86:0 




8.5 
1.0 




1.0 2.0 



9.0 
1.2 
1.0 



. 2 
.1 

2.0 



9.0 
1.2 
1.0 



.3 
. 1 

2.0o 



9.0 
1.3 
1.0 



.3 
. 1 

2.0 



9.0 
1.5 
1.0 



, 3 
,2 
,0 



10.0 
1.5 
1.5 



.5 
.3 
2.2 



910 



1,082 1,545 1^522-1,665 1,717 1,850 
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f LEST OF ILLUSTRATIONS 



Figure 1 ' I'requciicy d i str ib.ut ion, world copper deposits. 

' Fijgure 2. Cuinulat Ivc-Zrcquency distribution of world copper deposits 

/Figure 3. ^ize and grade characteristics *of main types of copper depo^^ts. 

j. 

Figure 4 



Figure 5. 

/' 

/F'igure 6. 

/ Figure 7. 

Figure 8. 

• Figure 9. 

Figure 10, 

Figure 11. 

Figure \ 2 



Size and gradg characteristics of copper deposits of the thiee 
main geologic types. 

Frequency distribution of tonnage and grade' of porphyry coppbr 
deposits. 

Value distribution of copper deposits in two parts of North 
American Cordillera. 

Location of eleven copper provinces. 

World resouj'ces -of copper. , ' 

Copper content of manganese nodules on the deep sea floor. ^ 

Cdpper content of manganese nodules on the deep sea floor 
southeast of Hawaii. 

Metal .contents ' at the deep, ocean mining site in the.. Pacific. 
Ocean. ^ 7- 

U.S. copper consumption; supply... and projected primary~mrne~ 
production capacity. 



F Vgure 
Figure 

r 

Figure 
Figure 
Figure 

Figure 
-Figure 



13. 



U.S. • primary copper supply, witjv projections illustrating possible 
effect of environmental controls. ' ' > 



\4.,. Comparison of estimated costs "of , reco^vering copper by various 
methotls . /p. 

15-. Total domestic recoverable copper resources.' — 
16,.. Annual domestic primary copper production capacity . 

17. The present and potential annual U.S. primary capabijities from 
domestic rci^^ources based on price of copper. / . . ^ 

18. .Porphyry copper deposits in North^ America-Preserves'' as of 1971. 

19. Relief- like map 'of the world. " ■ ' 
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FIGURE 1: Frequency D/istribution, World Cu Deposits (Excluding U.sjs.R.) 

315 Deposits as of 1970 . , - 



177 



•0 



I- 

s 

i 



KH 



to o 

I- 



1 



OA I 



LA8S#| 



CUMULATIVE 



Ik-.,. 



% OF NUMBER 0 



10 



10 50 fio 90 60 70 tO ^^tO 98 ' 99 



F DEP68ITS 



■ » 



•t X 



(dqt% from AMAX unpublithtd study) 



SOURCE: Gourtesv of S. K. Hamilton. 



FIGURE- 2;. Cufnulative Frequency Distribution of World Copper Deposits 
- (Ejccluding U.S.S.R.) " . 
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CUMULATI V|;% OF J)EPOSITS 
• ARIZONA AND SOUTHWESTERN NEW MEXICO 
; X BRITISH COLUMBIA AND YUK)dN 
(dot6 from AMAX unpubllthsd study) 

SOURCE: Courtesy of, S. K. Hamilton. ' 

- • ' u . ■ . ' \ . ■ ' 

FIGURE 6:' Value Distribution of Copper Depbsits in 2 Parts of the North 
, y^rican Cordilleras Copper Province (1968) . ' 
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COPPER^WEIGHT PERCENT 




/ SILICEOUS 
I^EPOSITS 



Source: The origin and Distribution pf Manganese Nodules in the Pacific and 
Prospects for Exploration, Edited by Maury Mofgenstein. Honplul^u. Hawaii, 
July 23-2^, 1973, p. 82. {Horn et a/.. 1973). 
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FIGjJRE 10: j :eop{5er Content of Mrfh:ganese Nodules on the 'tTeep ^Se^. 'Flaar 
Southectst' of Hawai/i , • . 
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COPPER, MILLION SHORT TONS 

T7~r I I • I r I ; I ^ I 

U.S. MINE CAPACITY- NO ENVIRONMENTAL 

CONSTRAINTS 
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F/fCURE 13: ■ The U.S. Primarx Copper Supf)ly with" Pro j ections,^ II lustrating 
Possi ble Ef fect of Environmental Controls- (af t'er U . S . B. M.. ) 
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ESTIMATED hfCOVERABLE COPPER, MltblDN SHORT TONS 
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f-7GURB 17: The'. Present and Potential Annual U.S. Primary Capability From 
■ " » Dornestic Resources Based on Price o^ Cppper (after U,.S.B.M.) 
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SECTION III 



THE IMPC^effftONS OF MINERAL .PRODUCTION FOR. 
HEALTH ^ND THE ENVIRONMENT 

The Case of Caal '41 
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The £61 lowing report is dedicated to - , 
the memory of Hubert E . Risser, member of this 
Panel and cd-auWor,, who ^died in September., 1974. 




^ I ' • ' . . CHApf-ER VII 

y [ II^TRODUeTION TO SECTION 



" . Resour.des, estimated to range -from 1,400 to 2,90^billipn tonnes (1,6«C 

to 3,200 billion short tons), make coal'Our nation's most abundant domestic 
so<ur£e of fuel. Most projections of our needs for energy call |o,r an in- 

\ creased reliance on coal. According to recent estimates, our annual con- 

>wsumption by the year 200a'may range from l,2\^o 2.7 'billion tonnes (1.^. to — " ~ 
3 billion tons) J, or .about two to three times the present rate of use. -In- 
creased of this'maghitude imply large impacts on many features of the physi- 
cal environment, on human health, and on other biological species. Early an 
its d/Hib-erations, this panel selected coal to illustrate j^e . of the numer- 

• bus rfobletns related to minerals, e.g., extraction, processing, use, and 
wastldisposal . . % fuel crisis of late 1973.,early 19/4, and ' the -strong con-; 
sideration now beinf given to relaxing the Clean Air Act, ostensibly -to en- •. 
courage greater dependence on coal, underscore the timeliness of this selec- • 
tion. • * . " *■ 

•TheVonsequences for the. physical environment of mining and burning coal, 
and the costs imputed to these impacts, have been studied intensively and 
are matters of public record. (CEQ., 1975;. Washington Post , 1974.) We have 
not atteWed to review or judge this, material comprehensively. Instead we. 
hav(? focused mainly'on the implications for Health, both-of the miner, and of 
the general public. The hazard to the miner is direct and aw&some. > Among ^ 
all ma^jor pccupations, his is probably most susceptible .to acciderit^s and 

disease* * - - - 

- - ' ■ . ■ * , ' 

/ The hazards to the general public arising from. the burning of coal are 

• less obvious, and more difficuH to isolate and weigh. But they become even 
- more compelling because of the vast numbers of_^ citizens^ who are at risk, and 

' ;because of ramifications that air pollution has for rainfall, vegetation, and 
segments *of our food chain, 'in tWe annex to this section we have adtfed a ■ 
brief description of the global " cycling of sulfur to show the • contribution 
I made by mail. ; . , . " ■ / 



\ 



^^Rif^ rences- CEQ, 197 5; Dupr^ »4nd West , 19.72; NAS/NAE, 1974b; Occupatipnal. 
■ Health , 1974a; Rayf Dixy Cee, ; 1973; Washington. Post , .1974, . (See Bibliography 
\/ of References.) " ' . . * 
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EXTRACTION 



The projected increases ih coal production will requii^ a greater numbei^ 
of miners-. Unless the. current efforts" by government and industry to improve 
.safety and prevention ar§ successful, the problem of Inining accidents and 
respirato.j;y illnes,? from the inhalation of coal-dust, .so-called "black-lung't - 
or coal workers' pneumoconiosis (CWP) , are likel.y to be magnified. - Dwing to 
impi^Ovements in technology, the number of fatal, and non- fatal 'accidents- p^r 1 
ton of coal mined ,ffas decreased, more notably in-su*fac^ than 'in ideep mines." 

= Nonetheless, mining remaiTis^one of th^ mo'st hazardous of occupations^ This 
fact is implicit in the continuing and substantial efforts by „ the Federal 

■Government, mining .industry, and unions'; to improve %he. stifety" records .' The 
most, important factor in reducing accidents in the short-term appears to be 
task experience: the shorter the experience',, the greater- the risk of acci- - 
dent. The essential elements of prevention are: trailing for new'miners ' 
before theyt)egin work; ongoing training especially for thos-^moving to new 
tasks;, and strict safety regiUations that are enforced. In^the long run . ' 
technological improvements should r^Oce the ris'ks. ^ , 

^ ■ ■' • " ' ■ 

.Compen-sation for CWP now exceeds- one billion dollars annually (Occupa- 
tional Health , 1974a) . The amount" has risen steadily since the enactment ' of - 
the Federal Coal Mine Health and Safety Ac> of 1969. ' "^^riy illn'esa' so- costly 

-in which the, disability (shortness pf breath)' is not unique*>b»t may be miij-" 
icked by other illnesses that are not necessarily related to minirig,.is bound 
to cause controversy. f.We take this opportunity to- recommend that a study be. 

•unde.rtaken to determine the full social and economic costs of . CWP. Such a 

■study should consider thfe problems of etiology, diagnosis, prevalence, pre-' 
ventions, compensation, and adjudication. ' . 

* ■ r . ■ . • ; . . ' ' 
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SO2 is a by-product of the ^combustion of fossil fuels. ,In the'atmos- ' 
phere,, the gas^ undergoes a variety of chemical transformations^ The types of 
transf(5^mat;ion5 and the rates at which they occur are subj^t to many influ- 
.ence^s.: sunlight, relative humidity, other pollutants such as Qzone and 
oxide's, of nitrogenf trace'metals t^at ^t as catalysts, '>and duSts. Sulfates ^' 
and sulfuric acid are formed in these A«ictions, and become incorporated in v 
submicronic* aerosols. .The. distances over whicji tfe^reactiqns take place are 
probably of the order of ^l-,000 kilometers (620 miles). Consequently, --the air 
pollution^arising from sulfu:^ emissions is regional and not siil1|jJy urban or. 
confined to the immediate proximity of the coal'-fiTed power plaqts. 

The importance of SO2 as. ^hazard to flublic^ hpa^th is probably due to 
these chemical end-productS| nofiyto the parent .gas itself.^ Among .the segments 

*1 micron or micrometer, = o^e-thousYndth of a-.inillijniter ' 



39 milliarith's of an inch 
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of the populution apparent ly inos^t vulnerable to chls^ A)rin of |ioIlution are the 
aged, indivjdiKils already J 11 with cardiac or pulmonaay ,,diKt<G?c\, and'^lnfarvts^ 
ami chlUlren., , ' - ) v . - « 

Air polluted with sulfur oxides has two signlfiearvt advers<j theological 
ei^fects. One is damhge to certain plants by gaseous SO^, The second resAUts 
^ from the production of aci,d rain, .The iinpact of acid rain on forests and 
bodies of . fresh water' i's coming under increasing study. 

* ^ ' 
•'More .information about aero-cheujistry* ^s required if effective control of 
air pollution is t(f he achieved. Mioost certainly, .technology will have to - 
'be directed toward minlniit^ing the emissions 'of vSO^, The dispersion of emis- . 
sions'from tall stacks [over I'S^ inetpx^^ 0/ 500 feet) , while reducing, ground- 
level concentrations over Relatively sTiort distan^^es , Is likely to cnsuro 1i 
more complete oxidation'of gas in the atmosphere aftd' a wider distribution of 
the end-^products , « • - _ . 
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PROJHCTRI) DliMANDS, RliSOURCHS 




• In the years Troin 1955 to 1973, the estimated national consumption of 
total gT05S energy surged from 9.5 x 10^ ^ cal . to 1.9 x IQI^ cal. (37.6 x^^ 
10*^^^ British Thermal Units [BTU] to 75.6 x lO^S BTU) (Dupree and West, 1972; 
U.S.B.M.-, 1974). Accompanying this growth was a m<ijor shift in the relative 
contrilnitions of the different sources of energy (Figure 1)'. The use of 
coal, which constitutes about 95 percent of* the fosj^il fuel resources , within 
the United/States, Tose only 3.7 percent. At- the same time, the use of 
petroTeuw increased almost 104 percent and the; use of natural gas more than 
185 percent. ^ ' * ' ' 

Over recent decades, the use of coal has declined for nearly all activi- 
ties other- than the generation of^ electrical power. ^ For electrical power 
aloni}, consumption rose from .26X^illion 'tonnes ^295 million tons) in 1968. 
to about 352 million tonncj (388 million tons) in 1973, presumably because* 
Coal was the least expensive fu-cl available. At present, the ge.nd'ratidn of 
electrical power and manufacture -^f coke* together account for about 85 per- 
cent of trie total tonnage (Table Ij . By far the largest fraction -is Utilized 
east of the Mississippi River; in ^972^,^ this fraction amounted tg."* about 94 . 
percent.. , Forecasting our demands for ,energy.'has become commonplace. • A ^ 
representative forecast of continued exponentiaT growth'' of energy consumption 
would give a valiJb.;for >980 in the neighborhood of 2.4 x iol9 cal. (95 x 10^^ 
BTU), increasing to 3.. 15 to 3,18 x lO^^ c-al. '(125 to 130 x lO^^ BTU)"in 1985^ 
and to over 5 x 10^-^ cal. (200 x Tol^ BTU)' in 2000., It is worthy'of note 
that in the last ,20 years, such predictions ihave tended to underestimate 
demands .beyond the initial few years. (Committee on Interior and ^Insular 
Affairs, 19>4..) ^' - ^ ^ ' • • ^ 

Not unexpectedly, estimates^, of the quantities of coal that may be needed 
to satisfy these projections are themselves subject to wide variation . They* 
are clouded by such uncertainties as (1) how rapidly nuclear powe.r will grow; 
(2) how much coal will be used to supplement dwindling supplies of natural 
gas and petroleum; • (3) to what ektent thd United States will provide coal 

^Consumption has remained relatiL^ly stable^for the manufacture of coke for 
several decades. - <^ - f 
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abroad; (4) what are to \e the domestic and worldwide rates of economic 
growth; (5) the possibilities for conserxi'ing power through -increased effi- 
'cicncic*> of use; and (6) the ability of the coal industry to increase coal 
production.' Allowing for the i^ncertainty of any projections beyond a few 
years, our discussion will proceed on ,the following assumptions" for the us^^ 

of coal : > • . ' «, ^ 

I ; ■ ' ^ ^ ' ^. • ' ■ 

19.85: 900 million tonneX(;i billion tons) ^(68 percent 9bove 1972 ^ 
■ ' lev.el) ; cyimUlative > total from 1973 to 1985:'* 8.6 billion 
« tohnes (9.5 billion tons) 

" ' , ' ^ - * - . ^ '''' 

2000: 1.8 billion tonnes billion- tons) (233 percent above'^ v 

1972 level); cumulative total' from 1^985 t/ 2000^ 20^.4 * ' ... ' 
billion tonnes (22.5 billion to^is) 

Tfierefore, dumulativQ^.total frorti 1973 to 20()0: \29 billion tonnes^ 
(32^ billion tons) . x . 

Goal is found in many regions of the country. The resources as deter- 
mined by exploration and mapping are estimatefl to exceed 1400 billion tonnes 
(15^0 billion tons). The varieties of coal and their distribution are shown 
in Table 2. Wwhile approximately half of this ampunt is estimated, to be- re- 
coverable, ©nly one third, or 236 billion tonnes (260 billion tons), is- 
within, the reacK of current ^technology at. current economic costs. Estimates 
of the coal reserves in beds lying close ^ the surface exceed 127 billion 
tonnes (140.billidn tons). About 60. percent of these surface deposits Tie 
west of the Mississippi River, mostly' in Mont^ina, North Dakota, and Wyoming.^ 
> ♦ 

/'t \PR0PERT1ES OF COAL- ^ 

't. \ - . 

The thermal v^iiie of coal\ varies considerably . Bituminous Coals provide 
the most heat per unit of weight (about 6,700-8,300 cal/g, or 12,000-15,'000' 
BTU/pound) followed by subrbiturrtinous cojxls (about 4,400-6,200 cal/g or 8,000- 
:ll,000 BTU/pound)' and lignite (3>900-4 ,4Cfb' cal/g, or 7,000-8,000 BTU/pound) . 
Eastern coals are gpnerally richer thermally than'those of the Rocky Moun- 
tains and Northern Great Plains. Nonetheless, the western coals offer 
several distinct advantages which ulxtimately render them less costly to mine: 
for example, they possess thicker seams' (up to"*^33 meters, or 100 feet) and 
thinner overburdens (0-50 meters, or 6\l50 feet) than the eastern varieties. « 
In 1972, the estimated average cost perXton of co^l at the mines was $3.74, 
in Wyoming, $2 . 03 'in Montaha for bituminous and lignite coal, arid $2.02 in ji. 
North Dakota for lignite, compared with a national average of $7.^6. To some? 



- f 



*The figurefe, relating to coal reserves are taken/from U.S. GeQlogical Survey 
Bulletin 11275 , Coal Resources of , the United, States, January 1, 1967. and U;S. 
Ge ological' Survey Bulletin 1322 , Stripping jboal Respurpes of the United 
S^tates, January 1, 19^0, and recent updatiilg of western coal reserves by 
state governments and |J.S.B.M. . L ^ 
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^egree^ howevefV'the lower price of the western coal also' reflected their 
ibv^er thermal conteift. (U.S\B.M., 1972.) ; 

^ Western coal has another ^advantage ofVer eastern coal that is^ of immediate 
rel-evanci2 to this report: generally, its sulfur content ts lower,* 'Indeed, - 
•an administrative rule (EPA, 40 CFR60.43)* reflecting the increasing concern 
over air pollution, disqualifies a. major portion of the coal reserves of the 
U,&. from use until Ihe sulfur can be removed (adequate^./ 'and economically), 
before or during combustion. Current^^EPA standards 5or new installations 
which are, scheduled to apply to/all fuels by 19.75, limit thd) maximum emis- 
sion of to 2.16 Kg per Aillion K^al (1,-2 pounds per mif^ion BTU):of.fuel 
en^Qrgy. Accordingly, unless the ■ sulfur is removed- or the blendiog of coal is 
widely adopted, a bitumincius'^CQal of 6,700 cal/g (12', 000 BTU/pound) win be 
limited to no more than 0.72 percent sulfur, while ^ a lignitia of 3,900 cal/g 
(7,000 BTU/pound) will be permitted 0.42 percent sulfur, jhe sulfur cdntent 
of most coal being used at present exceeds thesQ limits. ;Xhe tabulation's ' 
of the producers of 67*'perpQnt of the total national ^ output of coal in 1972 
show that only 8 of the 25 coal producing districts in the c^unti^y ^yiolded- . ' 
coal, with .an average ^Sulfur content of 0...7 percent or^less.** The 8 districts 
accounted for about 11.5 percent of the entira output; Eveh so, somO" of 
these low "sul fur coals , '^because of poor tfi^mal content^, coyld riot have met 
the 2.1() per million Kcal.(l,2 pounds per itiillion BTU)» standard without 
tt\o furtticr removal of sulfur, . ^ . . ' 

* ^ . I- . ' * '^^K \ 

1'he implications arc obvious. If projected i.ncrease,s .'in the use of 
coal are realised, I.e., 68, pcrccjit by 1985 and 2,33 percfent by 2000,^" we will 
nooU commonsuraco reductions the emission of just tcj* prevent fdrther 
dotoriarat ion of the atnicsphere (sec Chapter X: ^'Use: Sulfur Emissions,^ 
Atmospheric React ions) . Two basi/i' strategic^ would be ayailable: either we 
""move to increased reliance on limited reserves of low sulfur coal and/or we 
insiitufe stri etc/ control of ^Mnissions . N^either . alternative appears to/re- 
ceive administVa/ive favor at present. The {problem mi.ght be exacerbat^ if 
t^^re were delay.s iu setting intp'operation new nuclear power plantsyor if • 
a trend dcvtilop6d toward the conversion "Of oil and* *gas-f ired power pId^t'S5^.vtcH> 
coal. * Under these , circumstances, the demand for cp^l could exceed/present' ^ 



projections . 



*jSu\dl lerlh^tj ^ i gn i fx can t amounts of low si^lfur ,'*brtuminous, //mirf^Ce coal^ are 
/priserit jiri /the central and/eastero parts/qf the U.S. The^ reserves are 
estimated to be between 2,5 and 2.7 , billion tonnes/ (2,5 arid 3. billion tons). 
jlovjljerl ^the availability /of the la^d far/Mining i's in question-, ' 

**Locate!d in southern Appalachia, northernf and southern Colorado, New Mexico, 
Wyoming, Utah, and some mines in Montana and North Dakota. 

//Not unlikely in view of the AEC's recent shutdown of 21 of a tot*l of 50 
nuclear plants to check the cooling systems for leaks. ( Congressional Record ,'- 
1974) ' " 
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■ Since midwestern and eastern coals, often cannot meet present emission 
standards without additianal fuel or flue'gas desulfurization (FGD)", latge 
' quantities of coal fron)/(vyoin,lng and Montana are being shipped- into the '^d- 
westexn markets. ThQ/total combined productiom for the two states, which 
was about i4.5 million tonnes . (46 million tons) in 1972, is expected/to reach 
about 32i miiLiony^anes (35 million tons) by . 1974., Other western state's 
•having Ipw sulftlr coal are also expected to show acceleratiTig^ production . 
The tren'd c^uld .be , stalled or reversed either if the power plants were tc 
ad'd FGD icqifipment or if the technology for the pre-combustion. removal., c 
fur wer^/'i:o become available/' " " . - 



to 
, of sul- 



/ \, • ; AREA OF. LAND NEr:DED '^>\ ' ' ' 

One of coal contains about 1.3 million tonnes per' meter (One acre 
contain^s, about 1 ,8^0' tons per 'foot) '(thickness) of seam. In underground 
miiVia^.^about SO. pCT of the coal that is/ in situ can, be extracted, while 
i^ sifrf ace mining',^ this fraction generally ranges from 80 to &5 percent. 
''The 'area needed to pWduce any fixed quantity of coal is therefore influenced 
by both the type 'of mine. and the thickness of the coal bed (Figure Z) . 
Averitt .(UrS:'G.S. , 1970) estimated that the average thickness of co^l re- ' 
covered by surface fining in 1970 was 1.5 ^meters (S feet) , while the seams, 
ranged from under 0..61 metersj to 18.3 meters (2 feet to 60 feet) or more. 
If 80 percent of this coal'fs to be extracted, a million tons can be mined 
from less than 12 acres of a 60-foot seam, whereas the same tonnage in a . 
2-foot ^seam would require almost 350 acres. Because the beds of coal are 
thicker in the Rocky Mountains and Northern Great Plfains than elsewhere, 
less acreage is needed in these regions to yield a specified amount of energy, 
even after allowances are made for differences in thermal content. -It should 
be emphasized, however, that uncertain^ty exists over -how successfully these 
areas cinbe rehabilitated following surface mining (CEQ, 1973; NAS/NAE, 
l*974a; See" Chapter X: Use: .Redaction). Major probleihs ^in rehabilitatio-n,, 
are likely wherever the overburden! is high' in acidity or Scilinity, the soil 
cover is thin, and its elements, including micro-organisms, are delicately 
balanced, Vnd--this being of fundaniental impof tance--the rainfall is ^^parse. . 

/ It .is not possible, to est^imate With rec^^onable Assurance the- ar^a df 
l/in^d that\ will be used/ in coal minihi/ during the rerrf^inder of the century, l 
Currently, \ approximately '50 percent % the ^tonnage is being mined, by 3lirface 
methodk. U Will be i/ecalled that the projected cumulative production of 
coal is abo^t/8^6 billion tonries- (/9.5 biUiori tons) by 1^85, and 29 billion' . 
tonnes (32 /bVllion tons)-/ by 2000./ If half of these/ tonnages 4.3 dnd 14.5 ^ 

'billion toiineV, or (4.79 and 16/biIlion tons) werejto be obtained from sur- 
face mines/ wit\ seams 'af eraging i. 6 meters (5 feet) in thifkness and with an 
extraction *rate\of 80 percent, the areas directly involved? would represent^ 
about 2,700 Km^ %2,250,000 acres) by^200p. Naturally, if the average thick- 
ness t>f' the seam \ere greater, these requirements' wpuld be t'feduced. Thu^, 
for ati averagevsea\ 1'2. 3 meters (40 feet) thicK, the estimated acreages 
would be only 8Z,5o\(334 Km^) by 1985 and 300,000 (l„2iO iim^) by 2000.^ 

.To the extent that r^iance on western (or>astern) surface-mined <joal is 
• \ .. 
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incrQased dn the future, it i'svvital that .i,n .selecting the mining sites we. 
be cognizant of a number of factors: the potential for rehabilitating the 
land, the- water that is Available, and the social , aesthetic, and economic 
impacts that will be felt in the regions that are directly involved. 

■ • ■ ■ • ■ ^- ' • -Os' ^ 

• / . MANP'oivER NEEDS 

I • ' • • 

The same projections for use^ (i.e., 0.91 billion tonnes, or 1 billion 
tons in 1985, 1.8 billion- tonnes, or 2 billion tons in 2000). represent in- 
creas^es of 68 percent and 233 percent aboJ^e the 'amount mined, in 1^2 . In 
1972, about 112,000 workers were engaged in underground mines, and ,an addi- 
tioTial 34,000 in surface mines. Shoul\l undergi'ound mines produce the same 
percentage of coal in ^he future as they have done recently (about 50 per- 
cent of the total), 75,000 additional underground workers would be required 
by 198'5 and 224^000-by 2000 (.Figure 3). These numbers will be subject to' 
lowering as improvements in the efficiency of production'^take place.'^ None- 
theless, it must^ be recognized that such proj^ections,, df the/ are to be met, 
will require considerabke expansion pf one of -our most hazardous occupations 
(see Chapter IX:" Extraction: Accidents, CWP) . ^ 



; , • 'CAPITAL INVESTMENT „ ^ , ^ 

' " . ■ ! ' ' ' t ' ■ 

TO satisfy the projected increases^ in production, a large number of new 
mines would' be needed. The capacity for increasing production in the 'mines 
now in opera^iipn is too small to sustain much growth*; To .increase produc- ' 
tion 363 million tonnes ' (400 million tons) armually by 1985'woul(i require 
about 80 new min,es., each capable of producing* 4 . 5 million tonnes! (5 million 
tofis) .of coal per' yea-r (Figure 4). JKt an estima%e4 average capital invest- 

* ment -/for both 'sdrface *and underground mines of $1 5 per '^annual * ton of produc^' 
tion, $8 billibn of c'apital in^festmant w^uld be Required. An additional 
$6 billion in capita], for 200 new mines would'/be necessary to. achieve the 
projected , goal for t^Ue^year 2GyO. Capital/ markets probably^ coyld provide - 
the^se/fands. The delays th£^ /are likely to occur in qbtaining adecjuate ^quip 
ment, and in provi'^ing -alf yth'e supplementary needs^of new mining sites, / 
make it most ^unlikely thaX /uch a schedule of growth could be 'met unless / 

- cohcjBrns for the environment were cirpumvented . • ' / 
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TABLE 1 Coal Consumption by Sector^ 1973 



o y . \ T Percent of 

Consumer Sector f "---^ Mill[ion Tonnes (Million Ton.s) Consumption 

V '■ \ i 

Electrical Power Generation 349. "fe ^ (388,4) 64.8 

Industrial 145.4 * (]4^.6) " ' 53.2 

Household and Commercial ,12.6* ^. (14.0) 2.0 



Totals 507/6 (564.0) 100/0 

- — — ■ — ' ^ — ^ ^ ^ — — 



Source:: U.S,B.M. 1974 
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Total Energy Inputs 




1947 ^ 1952 


1957 




1962 


1967 


1972 










/ 










YEAR 












YEAR 












V 


1947 


1952 


1957 


1962 


"1967 


1972 


Total Energy Inputs (lO^^ BTU) 


33,03& 


36.458 


41,706 


47,422 


58,265 


72.091 


Oil Consumption as a Percentage 














of Total Energy (%). 


34.4 


42.1 


44.5 


4fl.8 


.43.5 


45.5 


Natural Gas as a Percentage of 












Total Energy (%) 


13.7 


21.3 


25.0 


^^9.8 


31.3 


32.3 


Coal as a Percentage of Total 




Si 










Energy (%) 


47.9 


32.6 


26.8 


21.5 


21.0 


17.2 



SOURCE: Dupreeand West (1973). 




United States Oil, Natural Gas, and Coal ConsumptioX, 1947-1972 
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CHAPTER tX 
eXTRACTTDN 



ACCIDENTS 




Mining Accidents 

Coal mining- in the United States .has a pim recor^ 
improved in,.the past ,25 years principally bylrea^on of fewei 



)ra oi 



^fety vyhich has 
lineirs being at 



Because more mi 



iners will .b^ needed" toVmeet the pro j ected increases 



llt^poal production, it i,3 timely' to review the two major hazards- of mining: 
Icciaenti? ihcf eD^T^AorkiBrs^'-p ^ j 



In 1920, almost all of pur coal came f*rom underground . mines : Starting ^ 
in the 1940s, surface mining began to increase ^fM-le production from under- 
grotind ''mi^nes fell off, so'that by tfie earlyj 1970s^each method contributed - 
about haff of the total (Figure; 5). ' / * ^ » 

The total number, of coatmj^ji^^-S employed annuaUy in -the UnitedStates 
began to f^ll rapidly 'in t^e lV2:ds^(Figure 6). The decline has contJi;^ed 
with periodic fluctuat^ns until about the present decade. Since then, the 
number hasr/ remained re^lltively stable (Figure 6) . Virtually tfte eptire^ ^ 
earlier decline in e^Jipraym^ent o,ccurred in underg^bundjpnes . It ran pabrall^l 
with the fall in coal production in the 1920s dndl9p^, bdt thereafter con- 
tinued independently of production. .In^P^^vement^ in the methods of both 
underground/ and. surface mining which appeared in the 194as allowed produc- 
tion to be maintained with fewer miners.. / 



/■ 



- . • / /ataT Accidents 

• "In the past four decades, over 90 percent of the fatal /^ccidents/in 
mining have occurr^ed underground (Figure 7), The decline fatai uifder- 
ground accidents has essentially/mirrored the decline ift. employments that is, 
th€*r% h*ave been -fewer miners at/risk. The number of annual deaths among 
surf acef miners' has. remained ren/a/kably stable, averaging/28 from 1^930 to 1973 
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/ 



^'•icre vv^re one to -two underground fatal :i>tie$ .per million manhours from 
1930^1971 (FiVire,4)". Therefore, the rate decVlned progressively to about 
0.5 festal itLCsVrer mill ion manhours in 1973. WKile the improvement probably ^ ^ 
reflecW implemd^ of the Federal Coal MineViealth and Safety Act of 

1969, ji^ement should be suspended sihce the recen^^ statistics are preliminary 
and inconf^lc^te. iVom the 1930s on, the' number of f^tal accidents per million 
tons of coM (Pigurfit 5) has fallen progressively owirtg to improvements in 
mining-techrSdqucHi. These improvements have permitted greater rates of produc- 
tivity at naVisk to safety. Nonetheless, both methods of evaluation clearly 
demonstrate thOi^supcr lor safety of surface mining. 

f Non~ fatal 

Vhc annual occurrences of jnon-fatal mining ^.ccidents involving a loss 
of time'j'rom work are showa in 'Figure 10. -The sh^Srpe of the changes in occur^ 
rencyi ainong< underground miners and the relative constancy of such accidents 
amohg surface miners are reminiscent bf th(«indings for fatalities. .The 
trends (irc reasonably similar when the numbers of accideflts' are related either 
to millions of hours worked ^'(Eigurc 11) or to. mi tlions of tons of coal pro- 
duced (FigurColZ). Again, surfacg mining is ^distinctly safer, .(n^ the 1,970s, 
t\\e frequency of both fatal and rton-f^tal accidents, whicn corrected for the 
number of hours workcdAor coal produced^, has repeatDdly* been gre:i,ter in the 
underground mines by a range of ,tworto c'ight times. . 

"* • • » ^ ' t ^ 

^ ft , 

\ I^revention • ■ *. .'^ - " 

Efforts io improve coal mine safety a>a underway. As a result of ^ the 
'Federal Coa'l Mine Health and Safety Act qf 1969, and* thq Federal Metal and 
Nonmetallic Mine Safety Act of 1966, the l|.S. Bureau of Mines began pimple- 
mentation in 1970, the Secretary of the Interior treated th^e Mining and 
Safety Administration /MHSA) in May 1973. ' MESA' s \stated goals Gall fox the', 
development and enforcement of str^ m'ning sa'fety and health standards, 
t^hc development of safety training -.for all miners and siiyervisors , - the provi- 
sion of ass.istance for the solution of technical problems'; and the directiori 
of research^ towards the reduction of disease and injuries, v • 

'A study by Theodore Barfy and Associates (1972) for the U.S. Bureau of 
Mines in .June 1972, clearly showed that experience with p particular-mining 
task is a critical factor influencing a'ccidents^ i.e., the less' experienc'?' 
with the task, the greater thc^*risk of injury. Limited efforts are underway 
to apply this infbrmat*ion . West* Virginia , in cooperation wit:fi N1ESA, now* 
providejs* forty hours of pre-entry training for new, coal miners. These pro- 
grams even in the absence ofVany final /judgmerit of thqir ^efficacy , oup|it to 
be ^encouraged, to become mor/ widt!spre$r{l . ^ ' * ' 

■\ //' ' ' C / ' . • • 

' ' Recomj;ifendation / \ / ' / * 




fio implermnt mpidly both piy^ontTij. and ongoing trairAng^ 
progharns in specific mining tasks. • " 
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FIGURE-: 6: U.S. CoaI,Min-crs Empl.o>^ed J907-1973 
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FIGURE 8: . Frequ6ncy Rate of Fatal Aceidents in U.S. Coal Mines 1907-1973 
Per Million Man-Hours Worked » . ' ~ - 
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FIGURE 11: Frequency Rate of Nonf atal (Disabling) .Inj;uries in U. 3 . 
^ ^ Mines 1930-1973 P^r Million Man-Hoqrs^~ Workei 
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GOAL WORKERS/ PNEUMOCONIOSIS tCW) 



The 'l969* U.S. Coal Mine--^aJLth!^ind Safety-' Act established dust standards 
for 'coal mines that. were designed to reduce. the risk of developing coal ^ 
workers' pneumoconiosis (CWP) , and provided compensatioji to miners adjudged 
to^have- the disease. The 1972 "Black Lung^Lav/'-TeTaHs tt^e criteria for 
diagnosis. Traditional ly, epidemiplogic studies of CWP have relied on chest 
X-ray changes as the prin^ipal'i means .of identifying CWP. The 1972 "Black 
Lung taw" -s^pexi f ies Jt to:^ x/~ray fifidir^s are no - longer uecessary for ^^o^l 
miner ^to^qual if y- for pomp^iisation if he has worked 15 years underground and 



has impai^d respiratory 
av new definition of CWP. 



In lb73, the Feder.al 



apaciry. The law has bad the effect of esta\blishing 



x^/^, ^..^ . v^^^x.^j^ov^rnment paid Approximately $1 billion for CWP^ 
in benefits to .coal miners^and their, dependents whp qualified under 'the 1965 
and 1972 Acts^ ^The annual expenditure may rise to $8 billion by 1980f (Edwar\^^s 
1973) . , ^ ' 




Diagnosis ^ . " V'^ 

CWP is\^efined as a disorde'r of/-the respiratory system occurring in per- 
sons exposedXtD "corl mine dust and ^'resumably attributable to its inhalation. 
It representsXa slowly developing r^sponsp of the tissi/e to prolonged rejt^n- 
tion of ci^oal mine dust, and is' typified.^by scarring^ (fibrosisj^^and^^^^ 
Neither the structural damage nor the clindc^I symptoms are unique. - Pul^ X 
monaVy diseases \such as emphysema and chronic bronchlt^ share clinical and 
functijjfonaT^ut nbt radiographic features with CWP. A cotnbination of dis-^ 
,^ases| arisin^gC^rVm dii^fer.ent causative ^ent3.,^qjay coexist in the lung. It 
is thrs.potentijX^fer bverlap, interacTrton.,,j^and that is respon- 

sible for mucT^f- theVcontroversy aboutrCWP. ^^^^^^^-^-^.^ ^ 

The rifedical .diagMDsis of CWR rests on; (1) an ajiprop^vte^ history qf 
exposure/to coal mine atet--{onlthe. order of ten year^^ inore); and (2) the^ 
. pre'S«nc6 of f airlyMistinctiyex^bnormal itT^s^^^^ ches-t roentgenogram. The 
World Healtll-NOrgani^tion and tfre International ~^rabor Organization stat 
that a diagnosis .of CW cannot be made, without the characteristic radd,o- 
graphic feature's... It XJ^ould be noted that; the interpretation of the chest / 
film is no;t completely 6^|jective Differences in ijiterpretation occuT'.amon 
examiners and further ^ffbrts to standardize the procedure are in order 
Respite this shortcoming, th^ roentgenogram, affords the- only epidemiolog 
method fo.r assessing dust re\:ention in minersMungs (Morgan, 1974; See 
Appendix of Source Material). " a 
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CWP is divi^ into simple (unGomplic^ted) and complicated fWms or 
^''stages. The complicated form is referred to as Progressive Massive^^ibrosis 
(PMl;) . A classifjxat ion of C WP^^tfRlch is based on the rbentgenogHpKicnTr 
ings is shown in fable" 1 . SimpTe^eWP is le^vdisabling and unlike PMF does 
►not progress in the absen^erof further exposure.! Indeed, PMF may develop 
after the subject; has left miijiing. Fortunately > in about half of the^case^ 
^ PMF-^undergcbes spontaneous arrest without further deterioration. Unfortu- 
nately, little is known about the ' factors that pxe'dispose to PMF. 

is essentially confined to underground poal miners. Key/^et ^1 . , 



(1971) in a survey of over 400[ surface mines, found a mean airborne dust 
level of less than 1 milligram per cu^ic meter. Fourteen percent of the'' 
samplies from auger^ines and seven percent of the samples fr^rii surface mines 
containedvmore than 2 milligrams per cubic meter.* ' The fin^iings. suggest that 
there m^>y be a risk of getting r^piratory disease in some surf aae •operations . 




CWP 



/ 



Prevalence, 




ability . 



les /that jC 
cal/egorjiz 



T^^h^ prevalence of CWP as d^:t€f^iried in three/^tiic 
^ / chesyt Xiray as tho' prime criterion for identi^ly^ng anc 

^ shown in T^ble 2. A discussion,of the assutrf^tions , sampling proci^ 
diff ic^ijlties of correlating the r^ults of^t-ffe .studie^s is/ found In 
pendi^ (Costello and Morgahs^ 1974J . 

^ * - % 1 \ 

How debilitating the. 'exposure to coal mine dust alone may be' Yemaiirs an 

open question. In tvlc) separate surveys jCEnterline^^ 1967; Hig.glns et al. 

J.968), the ventilatory capacity of underground mi/ei^ ■wa:5>^fo^ 

that of suitable, control groups'.** In- discussing this pi^pM'^m^Morg^ (1972 

fiaTs written^ that '*in some regions of the United' States; coal miners^dQ^haveamN 

/excess of respiratory symptoms and also^^y^e a^'reduced ventilatory capaerty. ^ 

\^The reductionvof ventilatory capacity that can be attributed to occupation is 

in general minor, and probably hks little effect either- on working capacity 

.or the health of the minet unless he is also a cigarette smoker /J.. 




\ 



Prevention 



' . The Federal -Coal M ine Health and Safety Act' of 1969, in recognition of 
the technical difficulties of reducing the level of airborne dust jn mines, . 
designated a standard that was considered to represent no more than ^a rpa^r 
sonable degree of risk to underground coal miners. It was intended to reduce 
the rates at which new cases of CWP developed and old cases prog^ssed. 



*By-c£mip^ari-son,* the f,ederal ambient air quality standard for total .suspended 
particulates'^ is 75 micrograms per cubic meter (Buechley et al.' l973p 

'^*Manual laborers who were ma'tched for* age and socio-economic background/, 
. and livfed in the same region. 
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Sp.ecificcally, an initial ^respirahie dust standard of^ 3. 0 mil/igrams^ per cubic^ 
meter of air w^s established tc^b^come effective afterN^ne 30, 1970^ to be 
fol lowed^l^T^-tHVHjpper 1 e vp 1 of > 0 mill grams per cubic inHer .of air after 
''December 30, 1972. These>^staTM^ds^ w based ^n a report (>^;the^ National 
Cfofil Board (UK) in which data developed which permit estitnates Crf the 

probability of^ dev^eloping CWP following exposui:e to different levels of dusi 
fori 35 years (Figures 13 and 14 list th^e probabilities for developing cate- 
gories 1 c^nd 2 o'f simple CWP) . 




Following passage of the 1969 law l^e cpal mining" industry successfi 
rcspirable dus\ levels by " institliting improved^techhiques of venTi 




and waterspraying. 



\While improvement in "the reported, dust levels has been significant, , 
t remains to be proven that current dust^control technology will ^'permit 
each miner the oppottunity to w^qrk underground his entire wdrking life with;- 
out, incurring anV/disability ftom pneumoqdniosisV (Interior; 1972.) 



Cost 



Thd principal "mea'j^^of compensating^^iner^ v^^^P 
provisions of theSpede^at Coal- Mine HealBi and Sfafeti|y 



Prior to these 



Black ;^ng Benefits Act of 1972. 
larj^y determineH and administered through sta 



Acts, 
e laws 



ed by CWP lies, in the \ 
Act of 1969 and the' 
coij<pensat:?Lon was/ 

With tlje new /f federal 



fgvslktion, the Social Security Administration/ assumed this role.>, Md^e 
recently/this responsibfl^ty^was trai^ferre^^^ Of Laljo|. 

' ^. 'The- Black Lung' Beneleits Act of 1972 was pa^^ed^ by Congress to correct , 
inequities^ perceived in the earlier I'aw, principally that relating to the , - 
coal miner who suffered so^me disabilit>^ presumably, owing ^to the coal mine \/ 
'^ust, bat who had ,a normal rerentgenogram. Under the second Act, no miner 

^ cdiild b'e refused^eompenstffion solely on -the ba^is of the normal roentgenogram. 
Anj respiratory disability in a coal miner^who had worked under grou^S^-ar^ihi- 
.mu^ of 15 years was. assumed' to be j'ob-rela^ed unless contrary evidence ,cQuld 
be^fbund: This assumption is subject to- revision or rebuttal ^ by an administra 

" tive judge if there is evidence that the- miner does not^have CWP-<)r that / 
TTisSca^pi^atory iH^airment is not caused by employment in coal mines - 

\ (Costeja-c^^ t974) . v ^ ^ 

, ■ The cost to ^tlie Social Security Administratijck of compensating CWP be^~ 
ginning in fiscal'Tg^^e^^^-and ^ fiscal 1973 is. summarized^ in 

Table 5.^ In four years ^^he*-t;bt a 1/ annua ]^ of the prograiifi have risen , 

almost severity- fold. The^uimkative cost during this period h^as been $1.-7 
billion. " Tn^973, amroximately 99.5 percent of the .expenditures for GW^^^ 
^ were for benefits to\iners and their/^dependents . Of the remainder, a^0tit 
$2.5 million was allo^^ted for research on CWP, and $2.6 million for^^fie 
samp/ling of coal dus-t. ^ 
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' , In additiopi this federal program, most of thje^'major cX)'al^ipinp states, 
compensate disability related- tt) cerfl fining xeitlV^iv'^aiVie ccfcpen- ' 

sation laws or under separate disability amend1i\en^Vc^o^workmen' s^. c 
Tfr^theory/ any . payments made 'di:^ectly by tXe states are deducted from the*^ 
awards for ^compensation from the Federal Government. These deductions are 
called /'offset/' In practice, however, there" are-dela^s^ in reporting .t'hesfi V 
stat^payiyents, so the total ^amount of offset may be lesi th'an/the Jamount 
moifey ^beiii^^Spent by tfie states on- compensation for CWP,.* . According to tTie^ - 
'6cial Security Administration, the offset for SeptMember 19?3 (latest month'' • 
that data ar^ available) w^s at a monthly rate of $637,000, or $\7.^6 miilion 
per^year. , ~^ -■^rr—^ . • •„ 



TMe Black Lung Bi 
a relat^velfsi 



sat 

diff^ult to estimat 
compensation for CWP 
and emphyser^a, tbe> c 




Is Act*^ has become an expensive means ^f^or compen- 
iegment of the y\meriban working j)opul at I'p.n. It is^ 
part of the approximately "^bn^ billion dollars in 
id to miners who ar.^ disabled ^ chronic ^t*|ich.itis 
which are not necessarily related to coal, mining/ 
:hat cigarette smoking is -at lea%t 'five times as ^ 
import^ffit^ ^s dust i.nhfllati^ in .imj^airing 'puimbriary Vun«tion in miners ^ — - 
(Kibelsxis e.t al . , 197o) . 'T\herd' is evidence g*|S.ndi^ate th^t, inTt'he absence 
pf complicated pneumoepaiosis,/ coad dust doe|^ot produce sufficient venti- 
latory impairment to cause^is^a%ila (Mot;gan et ^1 .^^ 1974) . i The jlBlack Lung 
Benefits Act h^s been accused Df establi^hThg a: pertsion- program fpr coal 
minersNfithout regard t5: whe]the.i3^* the miner is disable^ and, if so, without' ^* 

lity is the consequence of decupational exposure 
Such critical attitudes should be tempered 
minojig^; i,s an extremely hazardrius occupation. In 
almost as If the ipin^xs were an J'expd|n<l«rhij^ 
A prpper^dlicy built on scien^tifib and — ' 



regard tdK^he^er the disabi 
( Qccu{5ationa^ Health , 1974b) 
hy Xhi^ realization that coal 
thQ^pja§t|, society has acted 
sour(/e.M (Tabershaw^' l^/O 




cohsiderations can. be a^dif f icultu;^nd elusive goal; 



Recomntendation 



To ^initiate a study of the, full social costs of CWP,to.* t 
inoludi^ consideration of: J a)' problems associated with t^e 
diagnosis of the diseas^e^ particulavj^y in. its incipient stage; 
(b) improvement of preventive measures'; (c) disfribution pf \^ 
the dosts of the . compensation program; 4d) adminisi^ation of- 
the program. ^ ' ^ 



•5 ^ 



-4. ^ 



*SociaL Security Administration., ^BaljEiniore Maryland; 
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TABLll 1 



Feature 



ILO U/C 1971 Jnternatxpnalr,C^ass:lficat.i.oa^ of Radiographs of the 
Pneumoconiosis ^ « ' 



Code 



Definition 



Small Opacities 
Rounded: 
Type 



Profusion 



/ 




Extent 



The nodules are classified according to the 
approximate diameter of the predominant 
opacities. , ^ • , 

p q(m) r{n) p = rounded opacities up to about 1.5 mm 
in diameter/ . * 



qCm) 



rounded opacities exceeding about 1.5 
mm andlupto about 3 mm in diameter. ^ 

rounded opacities exceeding about 3' mm 
and up to about 10 mm in diameter. 

ategory 6f profusion;*is based on assess-, 
the concentration (profusion) of opi^c- 
ities ik the affected^ zones . The Standard ' 
Radiographs define the midcategordes^ (l/.l , 
2/2, '3/3). 



XCn) 



The 
ment 



0/- 0/0 0/1 Category 0 = 



1/0 1/1 l/2-Categ6ry 1 



2/1^2//2 /2/3^ Category 2 



3/^3/5 



3/4^ Category ,3 = 



/ , 

Rii 

LU 



snfall rounded opacities absent* --^^ 
or less profuse than '^,4^ Category 
1- 

small rounded opacities defin- 
itely present, but few in number. 
The normal lung markings are 
usually visible. 

small rounded opacities numer- 
ous. The normal lung markings 
are. usually still visible. 

small rounded opacities very 
numerous. The normal lung mark- 
ings are partly or totally ob- 
scured . X 



RM 

.LM 



RL zones in which the opacities are" seen a^e 

LL iffecorded. Each lung i^ divided into three 
. 5^nes--upper, middle, and lo^er. 




TABL)(( 1 Continued, 




I'rof us i.on 




iLKtcnt 



Combined profu- 
sion: 



0/- 0/0 



As the opacities arc irregular^ •the dimen- 
sions used for rounded opacities cannot be 
iised, but they can be roughly divided into 
three types. , , - 

u s =5 fine irregular> or 1 inear opacities . ' ^ 

t = medium irregular opacities. 

^ u = coarse (blotchy) irregular opacities., 

The category of profusion is based on assess- 
ment of the concentration (profusion) of 
Opacities In th<5 affected zones. T\\e Stari- 
diird Radiographs define the midcategories ^ 
v(l/l, 2/2, 3/3). 

it 

0/1 Category ,0 ^ small irregular opacities absent 
or less profuse than in Category 
1 . 



1/1 'l/2 Category 1 = 



small irre?gu'lar* opacities defin- 
itely present, but few in nunjber. 
The normal lung ;jnarl^ings are 
usually visible. 

small ^irregular opacities numer- 
ous. The normal lung markings - 
are usually partly obscured. 

small irregular opacities very 
numerous. The normal lung mark- 
, ings are usually totally ob- * 
scured. 

RL The zones in which the opacities are seen are 
LL 'recorded. Each lung divided into three 

zon^s-^upper, middle, and lower--as^ for 

rounded opacities. 



2/1 2/2 2/3 Category 2 



3/2 3/3 3/4 Category 3 



RU RM 

. LU IJA 



1/0 1/1 1/2 When both rouhded and irregular small opaci- 
2/yJZ/2 .2/3 tieis are present, record the profusion of 
3/2*3/3 3/4 each separately and then re.cord the combined 
* profusion a^ though all the small opacities 
were of one; type, i.e.^, either rounded or 
irregular. This is an optional feature of - 
the Classification, but it is strongly 
recommended^ ^ • 
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TAipJi 1 ' Continued. 



kitreG Qpatitios 
SUc 



J 



1'ypc 



.Prcural Thickening 

. ^ : 

Costophrcnic 
angle 



Chest Wall 
and Diaphragm 

Site 

. l^dth 



A. B * C Category A 



an opacity witlNftrcatest diameter 
between 1 cm and ^ <m, or several 
such opacities the sum of whose ^ 
greatest diameters does i^ftt 
exceed 5 cm. 

Category B = one or more opacities larger or 
more numerous than in Category 
A whose combined area does not 
exceed the equivalent of the 
right upper zone. 

Category C =^one or more opacities whose com- 
bined area e^ccceds the equwajent 
' of the right upper zone. ^ 



wd id in additipn\to the letter A, B, or C, the 

abbreviation "wd** or "id" should be used to 
indicate whether the opacities^ are well^ 
defined or iH dpfined. 



Obliteration /of 'the costophrcnic angle is / . , 
recorded separately from t'hickening/ ovpr ,other^ 
sites. A lower limit Standard Radiograph' is 
prov ided . * 



L 
c 



Grade a "= up to about ,5 mm thicic at the widest 
' part of an>^ pleural shadow. 

Grade b = "'over about 5 mm and* up to abpui 10 
mm thick at t,he w^idest part^f any 
pleural shadow,^ ^ ' 

'Grade e = over about 10 mm. at theMi^idest part 
of any pleural shadoV. 
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TABIJI 1 Contijujed. 



C h ego:; 



0 I 



!i I UDef ined 
niapbragni 



Ill-Definod 
Cardiac- piit- 
line (S|/agg;L- 
ness) 



Pleural Calcifica - 
tion 



2 Grade 0 
Grade 1 



Grade 2 



not present or less than Grade 1. 

definite pleural thickening in one 
or more placessuch that the total ■ 
length docs not exceed one half of 
the projection of one lateral wall. 
The Standard Radiograph\ defines the 
lower limit of 'Grade 1, 

pleural thickening greater than 
Grade 1. 



The lower limit is,^ one-third- of the affected 
hemidiaphi;a§m, A lower limit Standard ' Radio- 
graph is provided. 



0 12 3 Grade 0 ^ 



absent or up to one-third of. the 
length of the left cardiac border 
or equivalent. 

Grade 1 = above one^third knd up to two- 
thirds* of the length of the left 
cardiac border or equivalent. 

Grade 2 = above two-thirds and up to t'he 

whole legnth of the left ,cardiac ^ 
border or equivalent. 

Grade 3 = more than thelvhole l-ength' of the 
left (^^diac border or equivalent. 



Site 
Extent 

a 

J 



Wall Diaphragm Other 
R L 

,'012: 



Gra<ie 0 = no pleural calcification. 

Grade 1 = one or more areas of pleural calci-' 
fication the sum of whose greatest 
diameter does not exceed about 2 cm. 

Grade 2 = one or more areas of pleural calci- 
fication the sum of w^ose greatest 
diameters exceeds , about 2 cm but 
not about 10 cm. . 
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TABU; 1 Caiuiaiied 



Pleura I Calcif ica- 



t I on a • 

lixtenc ' Cvrade 3 - one or more areas of pleural calcir 

. / flcation the sum of whose greatest , 
d:i(imcters exceeds about 10 cm. 

Addit ional S ymbols 'ax cp es pq ax = coalescence /of small rounded^ pneumoconio- 

bu \v hi px ^tic opacities , t 

ca dl ho rl , a. u 1 1 

1 hu ^ bullae 

cn ef k tba 

CO em od tbu ca = ccancer^^ of lung or ♦ pleura , 

cn = calcification in small pneumoconiotic 
' i <v opacities ' ^ 

CO = abnormalit)^ of cardiac size or shape 

cp ■= cor pulmonale* ' ^ 

cv = cavity 

''ji di = uvarked distortion of iptrathoracic 
organs , 

ef = effusion ' ^ . 

em - marked emphysema 

,es ^= eggshell calcification of hilar or medi- 
astinal lymph nodes 

hi , == enlargement of hilar or mediastinal 
lymph nodes ^ 

ho - ^honeyQomb lung * . 

j;k = septal (Kerley) lines 

od = other significant disease. jThis in- 
' eludes '^disease not related' to dust 

. exposure, e.g., surgical traumatic 
damage to che^t walls, bronchiectasis,, 
etc. 

* * 

pq pleural plaque (uncalcif ied) 

pX*'' - pneumothorax / 

rl = rheumatoid pneumoconiosis- (Caplaft's 
syndxomeO ■ 

tba = tuberculosis, probably active 

tbu = tuberculosis J activity uncertain ^ 



Source: Jacobsejn and Lainhart (1972) 
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TABLE 3 Cost of Federal Compensation for CWP * 



1970 



L971 



1972 



1973 



Administrative 



3,984,000 



22,054,000 



Benefit Payments 10,000,000 320,000,000 



" 13,984,000 
Total cost = $1,743,803,000 



342,045,000 



^ 21,750,000 
408,000,000 

429,75O^0QO 



32^024,000 
926,00(^000 

958,024,000 



Source: Interior (1972) 
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# 0 2 / 4 6 8 10| " 12 14 

MEAN TOTAL RESPIRABLE DUST COfSICENTRATION (mgM^) ' 
SOURCE: The U.K. National Coal Board's Pneumoconiosis Field Research. ^ 

FIGURE 13: Probability of Contracting Pneumoconiosis I L 0 Category '1' 
or Greater After 35 Years Exposure to. Coal Dust 
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FIGURE 14: Probability of Contracting Pneumoconiosis I L 0 Category '2' 
or Greater After -35 Years Exposure to Coal Dust ,j 
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ACID NllNH DRAINAGK, RHCIXmATION 

Debate over legislation to control or J^uf fer the damage tg the environ- 
ment has engendered a number of documents on the-p:t>oblems of pcid mine 
drainage and reclamation. ■ o * 

* ■ — . • • " .■ ■ 

Acid Mine Drainage 

The extent ial and potential impact of acid mine drainage associated 
with both underground and surface mining, and the atten^dant piroblems of 
erosion, sedimentation, and subsidence have been studied in detail (Hilly 
1968; Interior, 1969).^ An appraisal by the Appalachian Regional Gomrpission 
(1969) drew the conclusion that '\ . . about. 10,500 miles^of streams in eight . 
states of the Appalachian Regionrare affected by mine d-fai.nage . . . (and) of* 
the total ^stream mileage af f ected ,'acid drainage continually pollutes nearly 
5,700 miles." 'The Commission estimated that acid mine drainage is respon- 
,sible for $3.5 million in added'^costs to users of water. ^The problem is 
stubbornl^y resistant to solution and -there is likely to be a continuing need 
to. -control drainage at the mining site, .to treat effluents, and to control 
water sources of potentially hijgh activity.^ Unfortunately, a large percentage 
of the drainage originates in inactive mining sources which are difficult and 
costly to treat. The U.S. Bureau of Mines and EPA are 'both Gurr^ently under- 
taking procedures and research directed toward control^of this problem. As 
the Appalachian Commission (1969, p. 126) indicates, progress in^chieving - . 
improved water, qualajty is like|ly to he slow and will require bettet defini- 
tion of priorities^ Coal is. Widely distributed and it^ attendant environ- 
mental problems may be expected to v^ry frob one region to the next. Acid 
mine drainage presents^ different chall_enges in Appalachia, the Midwest, and 
the Rocky' Mountains. We join| others in acknowledg-ing the importance, and 
often the stubbornes's, of the;' problems of acid mine drainage. -We believe 
the problems of human health 'that are linked to** the mining and use of coal, 
are of more immediate concern. 



Reclamation 



' In its report, to the S^enate Interior and Insular Affairs CtSmmittee, the 
Council on Environmental Quality (1973) describes prospects for rehabilita- 
tion of surface mined land^' in the eastern United States, which include al^- 
ternative mining technologies appropri^ate to topographic and geologic dif- 
ferences. This and similar reports indicate that the costs of reclamation 
in the Appalachian region/ range from about 15 to 90 cents per ton depending 
on the production of coal per acre and a number ot physical conditions at ^ 
the mining site. By comparison, the costs of producing the coal are about 
$4 or $5 per ton (CEQ, l/'973) . ^ . 
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A committee Qf the National Aca4emy of Sciences--NationQl Academy of 
Engineering (1974a) Concluded recently* that the rate ancj ultimate success of 
rehabilitation of surface mi^ed area^ in the western ^United States will de- 
pend/principally upon the moisture regime of the region". In arid regions 
revegetj|-t;ioh , if attainable^at all, 'may require decades 'or. vepy much longer; 
in wetter areas revegetatioo ma^^ be possible within a few years. 'The cost 
of reclamation will depe.nd on the thickness of th^e coal sellim relativeijto the 
thickness of the overburden. Such Qosts arQ estimated to/range from" roughly 
$900 to $3,000 per aCre, or 3^ to l6^ per ton,* compared ^o \the production 
costs which are about $1.25 to $2.30 per ton (NAS/NAE, ^74W) .• These -cpsts, 
as with the costs associated with /acid mine drainage. and waste accumulations 
from coal' mining, cleaning and proces^ng operations, are neither trivia^l V'' 
nor forbidding. The. Panel is aware of these costs; as in the case, of acid. ' 
mine dra^inage, the;- human health /effecj:s appear to be /lore important . 
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. CHAPTER X 

J a USE 



Sc/ientific evidence points increasingly to the importance of SO2 and its 
, oxidized products as a factor adversely affecting the quality of air, -human 
' health, an^ elements" within the ecosystem. An important byproduct of the 
combustion of fossil fuels, S02/indefgoes a variety of chemical reactions in 
the atmosphere, the types and rates of >hich are not well known. Limited' 
research is in process tx> understand the variety of transformations of sulfur 
in the atmosphere,'* and an impressive body of^ evidence indicates that human \ 
health is impaired as levels of SO2, total suspended particles , and sulfates 
rise. Considerably more sT:iehti£ic research is required before specific 
recommendations can be rtia&e about the upper level of emission control ^ 
needed, and before new standards can be set, " ^ • , 

At pre'sent we can .act.only^upori the trends showni^ by the relsuits of 
research "and. the belief *that ^s$ential scientific proof may be fprthcoming 
in the not too distant future. Nevei;theless , in the interim, important 
decisions about control and 'capital investment may be ^made which cbuld exac- 
erbate fhQ su If problems for human health and the environment; and result 
in costly, perhaps irreversible commitmehts. One set of such decisions we' 
have identified is ,the proposed use of tall stacks and intermittent control 
systems. In view of the evidence implicating sulfur, great caution in adop- 
ting control strategies is needed; relaxation in air quality standards is ^ 
not warranted from the evidence at hand. 

The following foUr sections elaborate upon these problem^. • ' 

SULFUR- EMISSION^,: ATMOSPHERIC REACTIONS • 

Globally man generates about one-third of the total gaseous- sulfur 
present in the atmosphere. Because he occupies only a small fracticm of the 
earth's surface, amounting to about S percent, his contribution is dominant 
in populpus regions. Estimates of^the coirtbineS outputs of sulfur from the 
generation of ^power, and from industrial and domestic, activitfes, suggest 
that coal is chiefly responsible for the emission of this 'sulfur. 
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"Regional Distribution 

Our knowledge of the physico-chemical processes that ensue once SOl is 
emitted into, the atmosphere 4s .incomplete. .SO2 reacts to produce a number of 
substances as it moves downwind from the source of ewriission. Evidence indi- 
cates that submicronic particles, many of which i^eact as acids, are formed 
as the is oxidized (Junge § Scheich, 1969; Lodge S Fran^k, 1&66)., but 
qxplicit" proof of the mechanisms and reaction rates is'still lacking. In 
laboratory studies designed to simulate the natural environment it has been 
possible to demonstrate the conversion of SO2 to ^H2S04. Recent, sampling data 
from St. Louis and, its environs (Charlson et al ^19740 and from Scandinavia 
(Bolin, 1971) support the hypothesis that a similar transformation occurs 
in the ^atmosphere. Experiments designed to test unequivocally' this hypothesis 
are now underway. *' ' 

Sulfur-containing aerosals. are widespread geographically. They now ex- 
tend over one-third to one-half of the continental United States, affecting 
principally the Ejast and Midwest (Figure 15a, 15b>, the area involved differs 
completely from any juf isdi^ztional" ^etting^s organized to control air pollu- 
tion. . 

• ■ . . ^ ' ■ ^ ^a^ , _ 

it, would' be^ erroneous .to consider coal-burning for the getieration of 
power as being principally an urban activity. ^Urban sites,' because'they are 
plainly visible, are likely to £ix\our attentidh. Examples may be. cited of 
the power plants ^long^tthe East RivVr in New York, and of those bordering 
Chicago, but such plants represent aVsmall fract^ion of the total. Instead, 
coal-burning is distributed widely ovVr the country (Figure 16).:^The bulk 
of our power *'is generated .in rural areas and is then transmitted through 
great electrical networks to metropolitWi centers, ^Typically the spacing 
between these sources of §02 has an ordei\ of magnitude of about one hundred 
k'ilometers. The distancQ for the removaL\of , SO2 froml the atmosphere, or for 
its chemical .conversion to higher oxidati^d, states, is on . the order of about' 
one thousand kilometers. As noted earlier, virtually all of the eastern 
third oF the U.S. is now exposed to .these emissions and to. their end-products 
(Figure \7 ; see" also Figure 19 under Acid Rain). 

" ■ n . ■ " i 

' , , Chemistry ' ^' ' ' • I 

■ • - ' ' , ' ■ i 1 

Because of the evijdence to suggest that SO2 is converted in part to - i 
acid sulfates, and the additional evidence that such aerosols are hazardous .1 
to health (see Public Health), it may be necessary to achieve ^and maintain \ 
strict control of SO2 if the concentrations of these aerosols *are to bp kept \ 
within acceptably safe levels.^ How much control w^ll be needed to achieVe^ \ 
particular level of sulfates is unknown. The reason is that we do not under- 
stand, the quantitative relation between the .amount of gaseous SO2 emitted 
and :the amount of particles produced*.^ .Our emphasis is an submicronic par- 
ticles which are formed in the atmosphere, and not on particle's produced by 
mechanical or^ abrasive events (Figure 18)\. - , 

214 ' 
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The relation between SO emissions and aerosol formation caijndtrLt 
assumecl to be a .simple line^t one. Thi? point is illustrated in the fol- 
lowing calcuiations: For SOj, 1 part pejr million by volume- {ppm) iJs roughly 
equivalenT^ 2,500 micrograms pef, cubic 'meter. Were thisiamount ^t|o oXidize 
' completely to- .ammonium sulfate [ (NH4.) 2 304] which has roughly twiae the . « 
molecular weight df SO,, aboiat, 5,000 microgram^ per cubic meter of^e salt 
would be produced. Therefore, even a fraction of a ppni of SO2 is potentially 
a large source of aerosol. The results of .a recent study (AVtshuler, i973), 
■ suggest /hat nationally the atmosph^ic ratio of SO2 to sulfate is kbout 5 - 
molecuL^ to 1 moleclile ■ (5/l> . A number of factors may change thislratio 
from fJne community to another. In Los. Angeles, the ratio is -about 2/1 or 
eve/l/l,'^n indication of the relatively large amount of SO2 that ^3 oxidazed 
-t^ sulfate (Alt Shu Idr, 1973). 'the ratio is potentially important si.nce it 
has implications for the strategy of controlling sulfate pol lution- and there- 
by protecting Ithe public health.* ' . ' " , . -| , 

■ V . ' ■- ' 

i Atmospheric aerosols, are principally produced' in three ways: (1) by 
mechanical events including natural phenomena (wind, ocean spVay) pl^s, 
miscellany of hiaman activities (plowing, grinding, and the action of wheels 
on gravel)] (Z) ^by direct' emission of particles during the combustion ot 
fu?ls-an example is »fly ash; (3) by K:ondensation in the atmosphere-the 
chemical .transformations of pollutant gases such as SO2 and nitrogen oxides 
contribute to this form of aerosol. It is difficult to generalize about the 
fraction of airborne panicles that arise from each source. Recent evidence 
suggests that in a community like Los Angeles, 75/percent or more of the 
• suspended particle/ on a hazy windless day are generated in the atmosphere 
from gaseous reactions (Whitby et al. , 1972). •. , , . : 

In general, Vmospheric aer.^sol*s that are Jell aged and are removed from- 
their sources can be divided into two basic groi^ps according to size,: those 
above and those smaller than 1-2 micrometer? in Uiameter (Figure 1-8) 1 he 
'larger particles afe genefated principally by this aforementioned mechanical 
events- Typically, they contain silicates or other metallic oxides. They 
have a mass or volume mode that is on the order c\f about 10 to 20 micrometers 
in diameter and may reach a size of 100 micrometeVs. The second group of 
•' smaller particles, virtually all "of. which are subiljicronic, are different in 




*S0o is noi ordinarily considered to be a significant pollutant in Los ^ 
Angeles, v)here several decades ago the sou?Ses for this gas were subjected 
to strict control. As a result, the use of high sulfur fuels was, until 
most recently, sharply limited. Because of the current shortage of fuels,, 
consideration is being given to relaxing this: control . /hale Los Ange es-^ 
does not have levels of gaseous SO2 approaching ^hose of the industrial 
centers of the east and midwest ^in part because of . its strong oxidiziTig 
environment, its levels of sulfate are among the highest regional levels 
found in the United States: concentrations of lQ-20 micrograms per cubic 
meter are not infrequent (Altshuler, .1973) . - ' ' \u 
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manx Mportant r^s^pec^s: The great: majority df submicrdniC'.pi^irticles is# 
* produG^dJ^y; cpM • If the condexisation occurs at Ijigh tempetatures , 

as, in tn^region the coaf-burn^nj^ flafiie, the aerosol will be rich in 
, trace metals and metallic oxides.^ If the ^condensation. occurs at a^disfSnce 
ftrom the ^source, ks with- the^ oxidation of SO'2 and oxides x>f nitrogen, the . 
aerosol will contain sulfate^ and nitrates It would be impractical, there- 
fore, to attem]1#'-7tT) re.duc by control ling the 
. emission^. of particles from combustive st).urces, for only a small fraction of 
the significant -s^bmicronic species ftave l^^en formed %t th^ stage. Current 
strategies for .cpntrbl ling airborne -particfes taciUy assur^ the con- ' 
centratibn of the "particles in the atmosphei^^c-atrbe control Ted by,^ trapping 
those 'that are ^mitted d-'t the primalty souroll. This ignores the^large .for- 
mation of particles that( takes place in/^he atmospherd by condensation. - Some, 
other means, mord likejy feliatedi to the 'capture",pf SO9', is indicated: 

• ■ . - • , > ... . - ^ ^ - 

" Limitations of Air Sampling Data ' 

At present, th^ bulk of informatipri^ on airborne particl^e^ \has been 
: obtained with high volume samplers. , TMe data are expressed invmiliigrams 
per cubic meter. > Unfortunately, the samples c.oll0s<;^ed by this\me.ansvare 
dominated by particl;es ^several micrometer's in diameter of larger. {Most of 
the total weight of the sample may be contaj^ned in relatively f^w large par- 
ticles.). When paretic les ^above sev\ej:al micrometers in diameter\ are inhaled, 
"^they deposit principally ill the upper aijwayV (nose, /mouth, pharynx) ,> or 
in the ti*achea arfd large bronchi, (Bates et al^. , l'-966) Clearaiice 6£,^these* 
particlesv is usually aceomplioShed efficiently and rapidly', redacting their „ > 
hazard to health. TH^-^\ibroic>roni4 particles af^ ipore likely to Vieposit:^in. 
the small p^ripherM ^aii\ways .(brGnchaoles) and parenchyma (alveoli) of the 
\lungs 'where ciearince is\j;lower anjd X^'ss pertain and where the^'effects of" 
Lrritatioti or ij^jury as|ume g^^at si^^Tif icance .* ^ ^; ^ , ^ " V 

Conventional practice is to measure the ''s'mI fate'* concen^fe^ on the 
^filter-collected sample without '^^eterOTning kolecular form.*^ 

ThVi^ chemically unq^sialif ied ^designation" is of dtibious value, - £dr«- the bio^lo^c 
e'fl^ects of 'the aerosol should depend nc^ only on its. size (and solubilityi 
but on its molecular compas it ion. It would be, of considerable. value' to know 
what ^types of sulfate are present, for the purpose ,o£ improviilg the evidence 
used to\ relate air pollution to illness, ^as well. as for setting more cogent 
air quality standards afnd establishing more, prqci^e^^ methods of ,contiX)41ing ^ 
pollution.' To illustrate, calcium sulfate (gypsum) or magnesium sulfate / 
tEpsom salt), present the sea spray fronv the ocean, ,^cah b^ expected to 
^be quite different in toxicity from (NH^) 280^ or H2S0^i^ yet "all of these • • 



""Other diff i|;;ylties are inherent in this method. The valuei^for sulfate 
determined on the, filter-sample' are not necessarily identical witfi those^ 
present in the air that is , chemical reactions may proceed after, the 
sample has. been collected. !r ' . ' . ' 
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compounds will appear In th^e typical aerometric analysis as ^'sulfate." 



"x*. . Other Emissions ^ , 

■\ . 

In addition Xo the oxides of sulfur'a partial^^Mst -of the substances 
kniwn to be emittecj^ in the..combustion of coal, .includes r ' • 

^ * ^ • ■■ ' ^ ♦ * 

(1) Gases: Cai;bon dioxide. (CO2) , carbon monoxide (CO), nitric oxide 

(NO), and water vapor; " / ' 

■ ' ■ ■ * ' ■ ■ ■ 

• (2) JParticles condensed I'rom gases aeSr the combustion zone: Carbon i 

nd.high molecular weight hydrc^carbons, H2S04i lead,* beryllium,* cadmium,^ 

rsenic (possibly as As40^) , sell'enium^^ antimony,* mercury,* and vanadium; 



a 

ar 



' * {3)^ Particles that are mechanically generated: ^^Fly ash from grates,' 
* carbon as soot. , j j''?^'^ - 

- The ambient levels of COn have been rising at a number/of widely sepa- 
rated locales. From 1959 to 1969, CO^^ncreasea by 6 to 8 ppm at Mauna Loa, 
Hawaii, a change corresponding to about 2 pfercent. of the presumed pre-indus- 
fcrial concentration of 290 ppm. it has. been estimated that almost half of 
.' the contemporijry; production of CO2 derives from the cbmbu>tion of- .fossil fuels 
' and ^^m industri^al sources (Ekdahl § Keeling, 1973). 

\ . . ' ^ ^ ' /. a ■ * ' ' 

There are as yet no reports concerning the response of any natural eco- 
system to changes .in atmospheric 002= '.Indirect efforts to predict such- ' . 
effejts are undeiiway utilizing computer models (Botkin, 1973; See Appendix 

this problem is important and in need 



of S6 

of additional study, but it 
e^red in this repojrt. 



urcp Materiajl).^ In ouij judgment 



IS 



ihot as immediate as the other issues consid- 



ecbmmendations 



\ 



'^'iV R^d'arch: hive 'high priority in federally sporir-^ 
iored research to a mor\ complete understanding of -tKe' variety 
of ^transformations^ of sklfur in tJie atmosphere^ including such 
factors as: (a) ^residence time in the atmosphere; (b) rates 
of reaction;^ (c) diatande^^ve:/^, which the reacthnts travel. 

2. 'Data collectiqA:^ To improve the current- sampling 
and. analytical techniques for aerosols (a) establish a more 
cornplete and standardize grid ff urba^i and nonurban sampUng 
stations; (b) ^identify the rrhss . concentration and chemipaU 
composition of the [silbmicronic^ particles J 




'*0f unknown molecular species 



247 



ERIC . 



• •' ■ • ■ • , , ' '232 




233 






M 






OJ 






JC 




jc 


00 




u 


hi 










rH 




OJ 


p 




U 






CO 






B 






•H 






X 


4J 




o 


CO 


rH 


M 






Ou rH 


OJ 




D 


M • 




03 


D 






GO 






•H 




O 








OJ 


4J 


CO 


•H 


rH 




^. 




(fi 




> 


V — ' 










'rH 




C 




CO 






(U 



J3 



CO 



CO CO 

C 
O 

•H OJ 

4J 4J 

CO -H 

c 

OJ rH 4-» 

U CO CO 



•H 

CO 

CO 

M 
D 
I 

C 

o 



o 



CO 
(U 



OJ CO' 

C JC 

"H 4-» 

CO C 
M-< O 
rH U 

CO OJ CO 

O 4-» 00 

CJ> M-» -H 

rH O rH 

M-J B 

. . rH CO 

PQ CO CO 

LO ^ ^ 

rH C 

C CO 

U Xi 

OJ M 

05 CO 

H CO J-» 

W CO 



o 



249 



ERIC 



A Volume 
a" Log Dp 




lJm3 
cm 3 



(Relative 
scale) » ' 




Paxticle diaTiuiter., 1.)^/ microi^pters Cu.m) 



GENERAL AEROSOL PROPERTIES 



0.01 - 2pm 
1. Soluble 



2. "Produced ^by condensation 
(enlarge by coagulation) 



Contain: SO4, NO3, NH^ ' 
organic condensates, trace*' * " 
metals, (lead, arsenic, 
beryllium, cadmium/ jnercury, etc.) 



2 - 100+um 
I. Insoluble 



2. Produced mechanically 



3. Contain: soil, tire 

dust, sea salt, .fly ash, 
Si02, CaCOj , ^ 



Source: Measurements of. the effects of Fossi'l Fuel Combustion on 

Atmospheric Composition (Prof essor Robert Charlson, University 
of Washington.) . 



'FIGURE 18: Bimodal Distribut ion qr Airborne Particles 
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For the' past two decades, scienti-fic Concern has, grown steadily oyer the 
inGreasing acidity of the raia and snow in t«ve Northern: Hemisphere . * This 
concern has nov^ spread to the public realm (Likens and Bormann, '1974- Time 
1974). Probably the first .major study of "acid rain" waS' reported on behalf 
of the Swedish government before^ the United Nations Conference on the Human 
Environment. The report was entitled "Air Pollution Across Nlational Bounda- 
ries^ The Impact on the" Environment of Sulfur in Air and Precipitation 
fU N 1971). Its con^lusiU is the acidity of the ram in ^weden has 
increased substantially since. the mid-1950s. The change is attributed to 
sulfuric- acid formed fiom the oxidation ofo pollutant sulfur cpmpouMs. "In 
the reportHhe filaim is -made j'thSe^ about half of the sulfur deposited on 
.Swedish soil comes from, f ore igri sources, chief ly .in central Europe and Great 
Britain. Munn and Rodhe (1971), in a separate study, report that sulfur 
deposition from precipitation iln Sweden is i'ntreasing at a rat^ of 2-3- per- 
cent per year. Thi,s Increase i^s roughly p^r^llel to the rise\in .emissions 
of anthropogenic sulfur. 

While long-term data on thi pH of rain in this country are'Vscarce, there 
is evidence to^suggest ,that a similar trend is underway. Certainly the rain- 
fall in large^reas ^ the United States, especially in New/ England , is now 
strongly acidic (FiguiJe .19) . **; fhe annual, weighted average pH rain ^ 
falling in the Hubbard Brook Experimental Forest in New ^^^^^fi"^^ 
from 4.03 to 4.19 during the ^yeafs 1965-1971 (Likens et al., 1972)^, while the 
lowest individual pH kas.3.0.// Lasurements of the acidity °f . f ^F^F-J^^^^" 
in .the Finger Lakfes. region of Ne^' York State are comparable (Likens, I97^J . 
Reports of simila^ findiAgs in, Mifesathusdtts, Connecticut, .Pennsylvania, 
West Virginia, and Maryland haU Appeared recently, (Pearson and Fisher, 1971., 
Gordon, .1972a)., , ' . ° 'U. . ' / , ; .• \ 

/ Clean yainwiter is slight y kidic, having a rH ravaging from 5 . 5 ^ 7 
This acidity arises from the siiall ; amount of. CO2 thaf is in solutron.:^^ SO2 m 



^^BiTT^ and Brodin, 1955- CkrrJl,, 1962; Feth, 1967; Likens, 1972; Likens and 
Bormann, 1974; Oden, 1968 ;nV-ie^golaski , 1971. 

-Figure 19 charts the/acidity lofiall rain that fell in the U.S. during\the 
• two-week interval from March 15 to; March 31, 1973. It shows^that heav^ • 
pollution acidifies substantially iall rain that .falls east of jRe Missis- 
sippi More important, it dramatizes the kind and quality of data that- 
can be gathered simultaneously throughout va^t areas by enlisting the \ 
enJhuslLtic coc^peration o^ grammar school children (16, 000. of them in '.^ ^ 
*• this case) . . 

..#pH is the symbol for the logai 
concentration [H"*"] of a, soluti 
When [H+] increases, thb so],ut 



ithm of the reciprocal of the hydrogen' ion 
on.' A neutral solution has a pH of 7.0. 
ion becomes acid and "pH falls. 



the atmosphere dissolves t^f-orm sulfurous acid (i-r2S03) which dissociates in 
two stages to produce hydit5g^ ions : - , 




» SO2 '+ l-bO !=? H2St 

' ' H2SO3 H+ .+"HS03 fei 2H+ +. -503= , 

The process contributes to the hydrogen ion concentration of rainwater 
and to ax;idification. Sulfuric acid ,is highly soluble in water and disso- ^ 
ciates almost -completely in forming hydrogen ions. It has been hypothesized 
that the pH of rainwater near sources of pollution is controlled by the ratio 
of SQo to H2SO3, but at greater distance's is controlled principally by H2SO4. , 
The oxides of nitrogen and hydrofluoric acid are among the other pollutants 
which may acidify rain. '- ^ ' ' , 

The environmental and^. ecological effects of acid rain are. coming under - 
increasing study. There is evidence that the low pH may bp harmful to vege- 
tation, aquatic communities, and possibly to soii^s. Over the past twenty 
years, reductions in forest growth have been found in botTi Sweden and northern 
New England in , association with the . increasing acidity of rain (U.N., 1971;^ 
^Whi.ttakei: et al. in press). A corresponding decrease in the pH of- tree barH 
has. been reported in southern Poland and Scandinavia (Grodzinska, 1971; 
Staxang, 1969). Specie^ of pine and spruce growing in the vicinity of a 
coal-fired electrical power station may exhibit a variety of ^ abnormalities , 
including randomly dwarfed needles, excessive dwarfing of needles and shoots, 
and reductions in lateral bud formation, all of which have been attributed to 
acid fall-out CGordon, 1972a and b; EPA, 1971); In laboratory expei'iments, 
'it has been possible to reproduce most of these defects with inoculati,ons of 
.sulfuric, nitric and hydt-of l.uoric acids (Gordon, . 1972a and b) . 

Simulated acid 'rain, (i.e., II2SO4, pH 1.5-3.5) damages some species of 
flowering plants (Ferenbaugh, 1974), and impedes the development of leaf 
'tissue on yellow birch seedlings (Wood and Bormann, in press). Tha growth 
of timotl;iy, an herbaceous plant, is reduced by inoculation with H2S04at ,a pH 
of 2.7 to, 4.0. . 

Acid rain may also harm aquatic ecosystems, particularly where the ratio 
of direct rainfall to land drainag\ is high (Likeps and Bormann, 1974). In 
Scandihavia and Canada, numerous la\es and rivers have shown changes in pH 
which in some instances reflected abVit a hundred-fold increase in hydrogen 
ion concentration (Oden and Ahl, 19-70\ Beamish and Harvey, 1972; Beamish, 
1974) . Once the pH of a body of waterXhas fallen below 5,. serious damage to 
fish is likely to follow (Brock, 1974») .\ The reduction in lake trout and 
other species of fish in Lumsden Lak-e, located near a large smelting complex 
at Sudbury, Ontario, is attributed to the\increasing acidity of the ram^and, 
snow (Beamish and Harve/, 1972 ; .Beamish , l974) . Of 150 other lakes m the 
sc^me vicinity as Lumsden Lake, more than onVfifth had pH values less than 
4 5- they wer^ termed '-critically acidic." Ivp some Swedish lakes, trout 
roach, arctic char, and perch have been elimin^ated as the waters gradually be 
. came acidified. Below a pH of 4, the natutal Ivife-cycle' of fish may be 
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interruptedl.and the diversity of species i.s greatly deduced. Acidification^ 
of surface Raters also threatens the micro-flora and\ fauna (Aimer et al., 
1974; Br.ock,Kl973) . Green algae, diatom algae,, and daphnid zooplankton have 
hden eliminated following the acidification of lakes in Sweden. 



AcLd.xain and snow may leach out critical ions fi^om the soil. In areas 
of Calcareous\ rocks- ar^d soils, the acid is likely to be neutralized rapidly 
but podzol soils which are already acidic lack this capacity for neutraliza- 
tion. Overrein (1972) '^fehowed in a Norwegian study that acid precipitation 
aould remove considerable quantities of calcium, an essential plant- nutrierTt , 
from the 5oil.\ Theoretically, acid rain might be expected to accelerate ' 
the weatherin^yof^ rocks. It is known that the major mechanism for the 
chemical decomp^osition.of i^ockforming minerals is through solution in acids. 
The Fiubbard Bropk ecosystem study, however, d^d not find any increase in the 
rate of weathering associated with excess acid (Johnson et al., 1972). 



Recommendation ^ ^ 

\ ! ' ' ■ 

To establish a national' network^ for continuous moni- 
toring of pfl levels (acidity) of rain fall which might be 
incorporated into the air sampling^ network suggested pre- 
viously, . . , ^ 



o . 'PUBLIC HEALTH 

The following are summary remarks-on the relation between air pollu^on 
and ill health.. A number of ^comprehensive reviews of the subject either 
have recently cippeared or are being compiled.* The obstinate plpblems of 
what constitutes acceptable air quality .standa:cds and whether there are 
threshold levels belowMvhich^ no harmful effects are experienced will not be 
considered. • - * ' . 



. > Epidemiology u 

■ > ' 

Just as the information on ^^air sampling is ambiguous, so are much of the 
data on the biological effects. We do not know which pollutant or combina- 
tion of pollutants is injurious to health.^* While SO2, total suspended 
particulates and, more recently, V^sul fates, are r^'lied on. as indices of 

' - . - ' V * ■ . ■ ' 

*Rall, 1973; Committee on Public Works, 1973; EPA, 197V,' NAS/NAE, 1974c-;\ 

NER^. 1974; Finklea .et al . , 1974; Higgins and Ferris in prei)aration . ' \ 

**T(iis assertion does not apply to industrial and occupational settings \ 
which may generate elements having specific toxicity. 
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pollutj.ln,*,the exact relation between thfe.se elements and illness is u^r 
certain. It. is canceivable that other pollutants not measured xoutineiy 
may play a role. Still, it is worth emphasizing that most of the evidence 
imputing adverse effects on health to air pollution has emerged from Com- 
munities in which SO^ and airborne particles were found to be prominent. 

' Another factor contributing to the difficulty of assessment is that air 
pollution is only one of many stresses to which urban populations are ex- 
;^osed. Others that may impinge oji hefalth are crowding, poor hyfijiene,. mal- 
nutrition and, particularly, cigarette smoking . Pollution proba\bly interacts 
with and is reinforced by these additional stresses. But to isolate the role 
of pollution is an elusive task requiring extreme care in the design and>^ 
execution , of epidemiological research. " - . , 

Despite such caveats, there remains a growing body of evidence to show 
that as atmosphpric leveU: of the oxides of sulfur^rise, the risk to health 
increases. This evidence comes from other industria^zed Nations as well as 
the United States. At present we have, ambient air standards for SO2 and 
total suspended particulates (without reference to the size of the particles), 
but not for '^sulfates." Yet there are data to suggest that levels of sulfate 
particles falling well below the standard. fof total^ suspended particles are* 
associated with rising rates of illness (EPA, 1974; Finklea et al . , 1974). 
It is reasonable to conclude that further increases in the ambient concen- ^ 
tration and the geographic distribution of these pollutants through the re- 
laxation of standards of emissions and air quality would pose an unacceptable 
risk for the population. 

Certain"" segments of the population appear to be particularly susceptible 
to the effects of pollution. Most prominent among these are the aged, persons 
with underlying cardiovascular-^ of pulmonary disease (for example., bronchitis . 
and asthma), and perhaps most ominously, infants and .children. ** 

. ■ . y . 

*a' simplifying assumption- typical of such studies is tha^,the aerometric 
data from one or even a few sampling sites are repre^tatiye of tfte pollu- 
tibn to which all of the subjects have been expfosreC But differences in 
.levels of .activity J^hd in the amounts of time spent, out-of-doors . may in- 
fluence both the type (chemical) and magnitude of exposure within the same 



community. /. Usually 
constraints . 



the assumption is dictated by technical and financial 



**(EPA, 1974; DdUglai and Waller, 1966; Lunn, 1967; Lebowitz et al., 1973) 
Children offer a distinctive advantage as subjects for study since they 
are riot likely to 4moke or work in potentially hazardous industrial en- 
vironments. The rUson foi^ their apparent vulnerability to air pollution 
is uncertain. It Uay reflect some form of biological immaturity, or a 



greater degree of 



physical activity out-of-ldoors compared with adults. ^ 
Labo^Ito^y^expe^i^ents show that the effects of pollutants are magnified 
by exercise. 
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Perhaps the luost dramatic oonsyquences of air pollution are seen in 
acute episodes kindled changes in weather, especially inversions. They 
,hre manifested by excessive rates of\ mortality or moi-tjidity. An example of 
'an association that was^ fOund between fl-uctuating changes in SO^ .and mortal- 
ity rates in the ^New York-New Jersey metropolitan area= is shown in figure 20 
(Buechley et al . , 1973). ' ' V :^ • / 

. - \ ' \ ' . 
> ^ By comparison, it has been difficult to assess the- adverse effects of" 
protracted exposure to low levels of pollution, and particularly to deter- 
mine if such exposure alone might induce disease. Some of the most compel- 
ling evidence to suggest that chronic exposure has accumulative effect has 
been adduced in the young. Two examples cai) be cited;:^. - A study was performed 
in Britain on over three thousand children bprn during a single week in March 
1946 and followed thereafter for about 15 years (Douglas and Waller, 1966). 
Their respiratory illnesses were related to levels of pollution estimated 
from the amounts of coal consumec} by the local communities. <i The investi- 
gator^,, found a significant correlation between these estimated levels of 
pollution and the occurrence 'of lo.wer respiratory infections (Table 1, 2J.*^' 
The second example is from a ^study conducted by the Environmental Protection 
Agency (1974) as part of its Community .Health and Environmental Surveillance 
System School (CHESS). These subjects ranged in,'age from infancy to 12 years. 

, The children laving three or more years in ^'communities with relatively high 
levels'" of oxides of , sulfur and suspended particles had more lower respiratory 
illnesses than did their peers who came from similar socio-economic back- 
grounds but live4 in ^cleaner environments. Significantly, this association 
between illness and pollution was not evident before the third year (Tables 
.3, 4), suggesting identification of a gradual, cumulative effect from air 

' pollution .0 



Experimental Toxicology 

' ' ^ ' 

Laboratory eviden*ce supports'^^the thesrs that submicroliic and sulfate 
particles, some of which have been identified in urban atmospheres, can be 
irritating to the low airways (Amdur, 1973; McJilton et al., 1973*). In 
realistic concentrations SO2 aloije appears to be of little consequence-; it 
is so soluble in tissue fluids that little penetrates beyond the upper slItt 
^^ita^s. But if SO2 is combined with an aerosol that may itself be physiolog- 
ically inert, an interactit)n between the two agents can occur which causes ' 
an exaggerated irritant response (Amdur, 1973). This exaggerated response 
resulting from the combination of agents is termed synergism. Recent evi- 
dence (McJilton et al , , 1973) suggests that synergism is enhanced once the 
submicronic aerosol is converted in the atmosphere from a dry crystalline 
state -to a droplet (accomplished by raising the relative humidity of the 
reaction chamber). The SO2 dissolves in the droplet producing an acid, 
irritating aerosol. The result may be interpreted to suggest that either 



^'The lower airways include the larynx, trachea,, bronchi and most peripher- 
ally,^ the bronchioles; and the upper aix.ways, the nasopharynx and oropharynx. 
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FIGURE 20: Mean' Residual Mortality by Classification New Jersey 
Metropolitan Area 1962-;,196^. / „ 
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TABLE 3 s Age-Sex-Adjusted S-Yoar Attack .Rates for any Lower RespiraXory 
Illness by> Residence Duration and .Njjmber of Episodes ;• 



Community 



Number of 
illness episodes 



Attack rate^ ipercent 



j,<3 year 
residency 



>3 year .. 
residence 



Low •* 

Lntermed^ate I 
Intermediate II 
High • ^ 

\|n termed iat<2 I» 
„I p t e r m ed i. a t c T I 



>1 




25.6 
27.8 

^7.5 

22.9 

19.2 
li».6 

14.2. 
12.3 



27.3' 
26.5 
2.9.0 
38.2 

15.2 
14.6 
17 . 2 
2t5.4. 



Any length 
■ residence 



Ml ■ 
• 27..0 

28.7 / 

36.1 



15.7 
'14 
16 
'21.9 



Source: EPA, .(1974) ^ ; « '„ 

Legend: The numberXind types of r.espiratory illness were 'determined through 
questi6nnaires filledWu^hy^ the parents. The sampling data us^d to 
establish "low^" -y,inteiWiate>^and' "high'' levels of pollution appear in 



Table 4, 
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TABlti 4 Projected Air Pollutant iixposures in Four Utah Communities, 
1959-1971 



Pollutant aad community 



Concentration yg/m^ 
1959-1962 1965-1966 



1967-1970 



1971 



Sulfur dioxide 
Ltow 

Intermediate I 
Intermediate II ' ' 
High 

Total suspended pa'rticulate . 

^ Low » ' 

Intei;mediate I 
Intermediate II 
High^ ' . 

Suspended sulfates^ ' 
Low ^ 
fntefSnediate I / / 

Intermediate II ' 
^ High 

Suspended nitrites^ 
Low 

Intermediate I 
- Intermediate II 
High 



c 

27- 
32 
94 



c 

133 
^<50 
51 



. c 
8 

^9 
15 



c 
16 
33 
94 



10 
11 
<50 
59 



6 
8 
9 
15 



Data gi.ve.iv for 1959 to 1970 are estimated, 



c 
18 

33 
91 

92 
82 
<50^ 
62 

• 4 

5 
9 
15 



22 
62 

78. 

81 
■45 
*66 

. 6 
7 

8 / 
12 

2.7 
3.3 
2.4 
2.0 



Only fragmentary data are available for suspended nitrates from 1959 to 1970. 

c * " 
N^t available. 

• ' . li "-^ 5 ■ * . 

Soyrce: EPA, (1974) p. 2 ' • , ^ 

Legend: The monthly average of SO^, syspended particles, sulfates, and 
nitrates Were measured during one ^year only. The values for the remaining, 
year were based on estimates of emissions and dispersion. 
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the trans format ion' of gaseous SO2 to an acid sulfat^ inirticlc (see Sulfur 
emissions, atmospheric reactions), or the mixing within the atmosphere of 
soluble gases such as SO2 and droplet aerosols may be expected to increase 
the toxic potential of pollution. 

' . , Costs 

Owing to uncertainties which have been discussed, it is difficult to 
estimate the total costs of illness and death arising from coal-related pol- 
lution. Yc^" such attempts serve a useful purpose, • I:ven though the final 
figures are arguable/, they db call attention to the economic burdens we mus^t 
accept in-not controlling pollation. Society pays thds^ costs ^whether or not 
they am be readily categorized. It has been estimated that a 50 percent re- 
duction in all pollution vvOHTd produce a laviags, in terms of redjftced medical 
expenses and recovei^d iVome, of at least, two billion dollars ^nuaU?y 
(Table 5) (!,avc and SesT^n, l^^O) . The health costs related, to the pollution 
from a large coal-fired plant located near a metropolis may be as ftigh as 
^the cost of fupl required for generating the electricity (Appendix: Lave, 
L.B.: Short term health considerations regarding the choice of coal a!^ a v 



fuel) 



/ 



TABLI: 5 Estimated benqfits in health and annual 
savings (billions of dol lars) " f rom 50-6 
• r(>duction in air pollution in major 
urban centers 



Health Benefit - Saving/Year 



/ 1. 25*0 reduction of all morbidity 

and mortality due to 'respiratory , 
disease . 1.222 

2. Reduced^ morbidity and "mprtality 
, of all diseases, including extra- 
pulmonary 2 . 08 « 



Source: Lave and Seskin (1970). 



Recommendations 



1. To give high p^Hoi^itij to collaboration between the 
biological and physioo-ahemical scientists in health-related 
'res(^arah on air pollution. The importance of such collabora- 
tion both in laboratory and epidemiological - studies cannot be 
over-emphasized. Ophenoise,, considerable time and effort may 
continue to be wasted on studies of unrealistic design. 
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CO enaounige the formulation of ainhient air^ stan- ' 
r dards that take aogni-Banae of newly d'eveloping information 
about the phijeiaoTphemiaal properties of air pollution. 

' ' . . CONTROL STRATEGIES* 

There^is unci^er development by the -Federal Gove^rnment a policy 'which en- 
courages and may ultimately direct a doubling of the u^e of coal in the.^next 
decade. Such expanded use of coal wi;i require the rapid implementation of 
strategies aimed at reducing total pollutants, aijd especially sulfur com- 
pounds. This acti'on is imperative since even cuiprent levels of emission 
are strongly implicated in deleterious effects on man. and otherj^colagical 
elements. > " - , 

. The options available for controlling the total atmosp!xeric loading of 
sulfur include: (1) reduction in demand for energy and increased efficiency 
of coal conversion; (2) use of low sulfur cpals (less than<a percent) to fill 
expanded demand as well. as to substitute, at least in p^t, for high sulfur 
fuels currentLy in use;. (3) employnvent of tall stacks together with an 'Mnter- 
mittent Control System" (ICS)- and (4) removal of sulfur prior to," during or 
after combustion of the fuel. Option (1) Jias been reviewed by COMRATE Panels 
on Demq^nd and on Technology in this report and will not be repeated in this ^ 
5?ection . 

_ ■ / . ■ ' ■ ■ • / 

" ' Option (2), the substitution of low sulfur coals as a m'djor fuel for 
meetin^g the « increased demands in electricity,-^ would appear to be a practical 
sol^ution that can be implemented in aj^relatively short time. Strong advocates 
are to be found for this option both inside and outside of goveri]ment. 

• < - ^ 

"Ttere are, however, a number of unsolved problems related to this' Option.. 
The numb6T--df on-line boilers that can accommodate low sulfur westetn or 
eastern coal as either a total replacement or a mixing fuel is unknown. • 
Boiler characteristics may prohibit the use of low sulfur coal without exten- 
sive retrofit .** For the new coal-electric generating facilities, the ^pro^ 
is* one/ of ba^i'C Resign and is easily manageable.. / 

With large reserves low sulfur coal available in the EsiStJ and also 
in the West where surface methods can be used, we are faced .with the choice 
'of where to mine. Western coals are less expensive ' to mine, the^costs 
ranging from $1.25 to $2.50 per ton. GeneralTy, western mining can be 
started of expanded\it a smaller, capital investment and witli less delay than 



*Reference for this section: Dunham et al., (1974). 

**A change in design or construction of equipment to accommodate a new process 

//The quantitv^^^^astern low-sulfur coal that ii> available for boiler fuel 
is not knovsh, as i^ makes up the reserve for metallurgical coking coal. 
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in the liast. However, western coal is typically lower in thermal value per 
unit weight and- is far removed fram load centers. To ship this energy by 
unit train, pipeline slurry or trc|n§inission wire wouM involve additional^ 
considerations.: the capacity and efficiency of alternative modes of trans- 
port, the accessibility of land/ water^and other nonfuel resources that will ^ 
be required, and the large social, aesthetic and ecological impacts that may 
be expected. 

, ^ ' " ' ' . \ ' 

Deep-mined low-sulfur coal despite its hi'gh thermal value and .proximity\ 

to markets, has important disadvantages. It requires large capital and higher 

operating costs, expensive safety sys'tems , ^nd exacts excessive human costs • 

in terms of high rates of accidents and CWP. These problems have received 

increasing attention from responsible state and federal agencies. By contrast, 

the problems indigenous ^to the West, the rehabilitation of semi-arid land, the 

need for vast amounts of water in'^the mirte-mouth conversion (electrical g^^ra- 

tion plant located at the co^l mine) of coal to electricity, syngas (gas syt 

thetically produced from coal) or syncrude, (crude oil synthe^tically produced^ 

from coal) -and the social and economic impacts of extensive industrial de- ^ 

velopment in^setting? that "are predominantly rural, . have yet ''to be addressed % 

seriously on national or local levels. What may at first appear to be an 

easy, attractive solution of shifting the geography of energy production, to 

supplies of co^l that are more efficiently mined and less pol luting, could 

ultimately have complex and more profound impacts than would maintaining the^ 

current distribution of, mining.- * . - ' " 

. ; ^ ' ' ' 

Option (3), the recourse to a combinati6n of tall stacks and an/'Inter- 
mittent Control Syst^m'» (ICS), has received strong support within industry ^ 
md certain government agencies as a method for controlling ambient concen- 
trHions of SD2. The^ method, however, would not curb total loading of the 
atmos^iaere by jj^ur oxides although it could improve local and perhaps re- 
gionair aJ^ltil^ during periods of decreased atmosphericvdispersion. The 
quality of the air rjegionally may ultimately be threatened more by emissions 
from tall rather than short stacks. The ground may serve as an efficient* 
sink for sb2^Nthereby reducing the formation of sulfates aloft.' 



\ 1 ■ . 

/In norniaj climatic circumstances, the tall stack acts to lower ambient 
concentrations of SO, and suspended' particles at gxound-level . Nonetheless, 
it has other undesirable features; it 'ensq^s .wider dispersion pf the pol- 
lutants, a longer inte^al. for the coilversibn of SO2 to par tic Id's in the 
atmosphere and, foirowing periods of inversion, leads "to fumigatiians at ground, 
level. The tall stack is an inadequate meafts of controlling potlutdon. It 
may be said to provide a lesser risk to nearb5( populations and a greater risk 
to populations of distant, wider areas*. 

If tall stacks are to bo combined effectively with ICS, the following 
supportive measures Vill be needed: xontinuQUs field monitoring of the 
oxides of sulfur (as well as other toxic agents), continuous weather fore- 
casting, and a capacity for rapi41y rediicing- through-put during periods of . 
inversion or stagnation. *At present most localities cannot' provide the moni- 
toring and forecasting, tliat. arc essential for early, secure decisions to curtail 
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activities. As a consequence, those s>4stijms which are in operation lin this 
cpuntry have been known to violate ambi<ir\t air standards.. It should be 
recogni zed. that i f air standard's are enforced in conjunction with this sys-- 
tern, periodic curtailment in the generation of .electricity may be required. 
The result would be to increaseXthe long-term cost of electric power to the 
consumer. 

■ . ' , . \ ' ' ^ 

. Option (4), the removal of sulfur prior to, during or after combustion, 
is a feasible alternative to contr!6l atmospheric loading. . The pre-combust ion 
removal - of sul fur by a -combinat ion of /mechanical and solution techniques needs 
furt4ier development Ifiiigh sulfur, coals arc to be used safely. Adequate 
federal funding for rH^;earch and development in this field should 'have high 
priority. - ^ 

' ^ The scabbing of stack^:gas for sulfur -^Temoval is at present an issue of 
"national debate.^^ We suggest that technology now available, if applied effi- 
ciently, could^ help to achieve clean air standards. The desulfurization 
sysrtems include , wet limestone or l:im.e scrubbing, magnesium oxide scrubbing 
with regeneration, catalytic oxidation,- wet spdium base scrubbing with re- 
'^eneration, double-alkali sodium scrubbing and the citrate process. The 
limest^jTD or lime wet scrubbing and the doublcyalkali^ sodium scrubbing sys- 
tems y.icld an end-product that is virtually without value and which must be 
permanently impoundqd.^ However) the electri,cal power industry has a number 
of other possible systems of controlling emissions. In time, with competi- 
tive ^ipgrading of these systems^;*there could be a substantial lessening of our 
present/reliance on costly low sulfur fuels for eastern and midwestern power 
plants. ' . ' - ■ ^ 

^ The^cost x^f flue gas desulfurization might reach 5 . mil 1-s/kwh would 
raise the price of electricity , to the consumer by an average of 15-ZQ\ercent . 
This estimate is based on recent indications that flue gas desul fur izktfon 
can cost from $45 to nearly $80 per kwl) (Hesketh, 1974). Estimated operaXing 
costs for 500 megawatt and .smaller facilities are' in the range of 22,5-35 
cents per' mi 11 ion BTU, The smaller figure is e'quivalent to a charge of ap. 
[proximately $5 per ton added on to the cost of the coal burnt. Waste dis- 
posal costs for FGD systems could. be as high as scrubbing system operating' 
costs. Yet, • in 'terms of the^.rapid^rising costs of other forms of energy, ' 
the need for restricting the release of sulfur into the atmosphere, and the- 
security provided by a vast, economically reasonable supply of domestic fuel, 
we believe that the benefits 'to be derived from FGD in terms of health and 
welfare will be so great that this option should receive priority considera- 
tion, (See Table 10 for dollar value afone of health benefits.) j 

' '■ . ■ * ■ ^ « I 

' ■ • I 

Recommendations I 

s i ■ 

1. That the Federal Government not approve the tall- ' ' I " 
staok intermittent^ control systems for dispersing emissions'' 
of sulfur oxides as la permanent solution. A few exceptions 
may be permitted\in older ^plants in speoifio sites^^ but it 



ana aih' auh\]\nrt to vovevoa 



uoJl cxccptuma an^ limited in time 



dh That the Fedeml i\oveiniment j^mtead require the 
iritetrtlUiHcm of pollution abatement eqidiment in both new 
and existikj coqlr-fired plants^ while aeeelerating J'inan- 
eiai support for 'Vev^eM'eh- and development on clean fuelq 
from exiatin^j iH)ureea. ' ' " * 



CONCLUSION 

A century ago, the Victorian social critic JoKn Raskin (1819-1900) re- 
ferred to the air pollulilon in cities Irkc Birmingham and Manclicster in an 
article auspiciously titled '^Storm'' Cloud Over Europe" (1871). While Ruskin*?; 
specific int.ent was to show that , the harmony between science and theology 
had' been irrevocably broken, the t^nor T».f the article reflected his concern 
that pollution had "blanched the Sun." He' was calling attention to an unde- 
sirable ramification o/f the use of energy, and particularly of coal. . 



means 



. " Raskin's concern /with the environment 
Soqiety should recognize that cpal as a 
•i:>oses serious hazard.^ to he'alth' and the env[i. 
of these hazards bec|mes a conv;incing argum 
in the-use of coal, //if we are forced to 
of sharp reduct irons fin the other convention(i 
then expand the use/of coal only with great 
and only when accon/panied by strict regivlati 



gT^^^'i^G^ validity today, 
fbr .providing electrical power 
tonmew^.^ A realistic appraisal 
^nt 'foiM^^ policy of "low-growth" 
pV)ceed b0y&r^ such a policy because 
1 sourbes "Df energy^^ we should 
caution, only where necessary, 
ons and technologfcaL controls. 



ANNEX ■ „ 
THE GLOBAL SULFUR CYCLE 



' . • \ ... 

The main reservoirs of sujfur on, earth are listed in Table '1. They 
range widely in conce^ntration" from about 17 percent in evaporite deposits 
(primaxily gypsum) to mere traces in continental ice and air. On a m^rss 
basis, the largest deposit of sulfur is in rocks, while seawater contains ; 
the most mobile form. With few exceptions, freshwater has less concentrated, 
sulfur than seawater (Table 2). The Variations in sulfur content /among 
freshwaters are mostly attributable tot^he kinds of rock present' in the drain- 
age basin. The atmosphere, despite having a relatively low concentration of 
sulfur, is a primary conduit- for. the transfer of sulfur. 

There are a number of estimates o'f the, amount of sulfur entering the 
atmosphere as SO2 as a consequence of human activity (Friend, 1973). In cal- 
culating the relative contributions of the major s^^irce of sulfur in the at- 
mosphere, we have relied on the estimate of Keirogg \ |i <rL . , (1972) that the' 
total human contribution of SO7, expressed in terms of eleme(^al sulfur, is . 
50 x"10^^ tons per year. ThesoTcalculat ions arc summarized irr Table 3. Only 
the combustion of fossil fuel/ should add any net sulfur to the atmosphere.^ 
TItc overall process is cyclic, and inputs from other natural sources should 
be balanced* by subtraction. The addition of sulfur from fossil fuels pro- ^ 
duces only a transient and geographically limited change in the ^sulfur bud- 
get which becomes counterbalanced by increased sedimentation of sulfur. 

..About 27 percent of the- sulfur entering the atmosphere globally is esti- 
mated to arise from the burning of fossi:l.:fuels . Berner (1971) estimated ^ 
that 27 percent of the sulfated in the world's rivers also arises from pollu- 
tion. Man-macle pollution as a sou^rce of atmospheric sulfur is exceeded only 
by biogenic hydrogen sulfide and organic sulfides. Hydrogen sulfide has been, 
estimated only by algebraic difference, and hence is not a measurement with 
independent validity. ' . 
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' TABLE 1 Main Reservoirs of Sulfur 



_ ^ — ^ — ^ — . ' ^ - 

Mass of- sulfur Percent of sulfur content 
Source in. me trie tons in each source 



Sea 


1. 


3 


X 10^^ " 




0. 


09 




Freshwater 


■ 3' 


X 




0. 


0011 




Ice • ' \ 


6 


X 


X 10^" 


> 


0 


00003 




Atmosphere ^ / 
Evaporites 


5. 
5 


6 

X 




0 
17 


00001 




Sediments (mainly 
shales) 


^ 2 


7. 


X 10^^ 




0 


19. 




Metamorphic and 
igneous rock 


7 


X 


10^^ 




0 


;o3 , 





Source; Holser and Kaplan , (1966) . The values ' 1 isted are approximate; f or ^ 
ranges and standard deviations, see the original paper. For o.thex 
valuers, see Friend (1973). ' . 
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TABLl: 2 .Sulfate and Chloride 


Analyses of Natural 


Waters 


in Parts Per 


^ < Million 










Water Source 




CI"" 


so^'/ci 


Remarks 


Lake Tejniskaming ^ Ontario 


8.9 


1.5 


b . y 

■A 


Precambrian shield 


Lake Superior, Ontario/U/S. ^ 


4.8* 


1.5 


7 

o . z 


Precambrian shield 


St. Lawrence River, Ontario 




7 


1 "^7 
1 . o / 


Drains Great Lakes 


Oh 1 n R i V oT 


69 


19 


3.6 


Sedimentary *basin 


Rio Grande, Colorado 


84 


10 


8.4 


' Arid sedimentary 


Pecos River, N. Mex. 


1,020 


90 


11.3 , 


Arid semi'^sedimen- 






0 




tary 


C6lorad(^ River, Ariz, 


289, 


X X 


2.56- 


Arid sedimentary 


§alton Sef , Calif, 






, 0.46 


Colorado River 










drain 


Devil's La^ke, N. Dak. 


3,460 


787 


4.4 


Closed basin lake 


Basaue Lake\ Brit Pol 

Dcibcjuc LaKe^ Brit. Loi. 


1 QS 710 




1 no o 

luy . y 


Closed basin Lake 


Rainwater 


0. 58 


. 3 . 57 


. 0'.16 


World . average 










('Jacobs 1937)' 


i\ X V C X« Wd C CP 


• 11.2 


/ 7.8 


1 . 44 


World average * 










(Livingstone 1963) 


Seawater 


2,650 


19,000 


.0.14 


Average seawater 










(Goldberg 1957) 



Source: Livingstone (1963) 
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TABLE 5 * Components of the Global Sulfur Cycle 

(Values listed are in units of million (10^) tons per year, 
calculated as sulfur) 



Component 



Land 



Sea Total 



Percent of 
Total • . 



Sources to atmosphere: 

Wind-blown sea salt (SO^ ) ' 
« Biogenic H^S, organic sulfides 

Burning fossil fuels. Smelting (SO2) 

Volcanoes, etc. (H^S, SO^", S°, 

Total? " ' ' 

S^nks from atmosphere: 

Rain over the oceans (SO2, SO^ j 

. Rain over the land (S02/S0^ 

Plant uptake and dry deposition 

Plant uptake (S0^~) 
otal . , , 



43 



50 



6.66 



72. 



85 

15' 
-10 



43 


24 


88 


48 


■50 


1 27 


0.66 




182 




72 


39 1 


85 


47 


15, 




10 


S 


18^ 





Source: Data of Kellag et al . C1972) , 'recalculated in terms of amounts of 
sulfur. ' _ ' 

SO2 =50% sulfur, H2S = 94% sulfur, SO4" = 33% sulfur. , 
' The agreement 'between sources and-%inks is artificial since the 
quantity or bdogenic H2S was calculated in order to make the values 
agree. " \ ' / 

^ For a caparison ofi other estimates, see Friend (1973). 
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CHAPTER XI 
INTRODUCTION TO SECTION IV 



The Mimediate impoxtance of mineral resources to ?ociety is ifi their 
relationship to energy--firstly in that the fossil fuel mine:^als and, to a 
lesser but growing extent, uranium provide most energy. Secondly, but less 
directly, al T mineral extraction . and use (including the fuel minerals them- 
selves) involves major energy inputs. Section IV, ther,e£ore';, examine^ . demand 
for n^inera/resources in its relationship to demand -for energy as a whole, - 
\^athor tfmn giving separate consideration to each mineral. 

' -# . ■ ■ '' 

Policy dec^isidns now being made to increaBe^^exploitation of these 
resources- a^-e of overwhelming importance' for the . future since \j^esent use of 
nonrenewable resources precludes possible' future use . Bnergy cannot be re- 
cycled. .Because (tomjnitments are, already beingOmade.^ it becomes a- matter of 
urgency to determine that the supposed needs for increased ^xploitation are^ . 
based on valid data and ^ssump/tions^. 0/ ' / 

Twp major conclusions of the-v deiji'and panel are firstly, that the basis 
of demand projections which are inf luencing national energy research and ^ • 
development policy is* questionable, aM secondl/^ that the potential for > 
.;|)olicy for influencing demand has been neglecte^ relative to tliat for influ- 
encing supply.* Aspects of the demand question^ lenc(ing themselves to con-- 
structive action therefore fell naturally into two categories:- 1) /integration 
and analysis of information t)n all interdependent aspects of the^ materikl^ 
question which relate to demand and which form the basis of demand pro jection-- 
d.emand itself, supply, environment^T impacts, technical questions, and 
political and social considerations, both national and international^. A 

* Evidence for this latt^er tendency was provided by what the. FoYd Fdundation 
report (197^4) called the 'J^larmist overreaction" illustrated in President 
Nixon^s "Project Independence" speech of January 23, 1974 (Nixon, 1974), and 
the supply-oriented policies arising therefrom. It is to these policies, 
primarily based on the Dixy Lee Ray Report: The Nation's Energy Future 
(Dixy Lee Ray, 1973), that the panel refers when .commenting on "current 
' . national policy" or "Project' Independence." (For^a dliscussion o£ the 
/' distinction between these policies and the contents of the Project Indepen- • 
I denSe Report (F.EA, 1974) which appeared in the ^final editing^stages of this 
report, see page 269,) • ^ 
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corallary to "this would be improvement in the actual techniques of .demand 
forecasting; 2) the potential for influencing demand on the basis of such 
information. - ■ 



1. INTEGRATION AND/ANALYSIS OF INFORMATION 



. Projec!tion of demand forms 'the' basis for policy related to sup.^iy. The 
two cannot be considered independently of one another. A first-ba:'se prpp^osi- 
'tion^ therefore, Is that estimation procedures for demand pr§jeetion be 
examined as. rigorously as those for supply. Where the information bas'e- is ' 
found wanting/ every effort should be made to improve its sophistication and- 
its usefulness to the policy makers. . , 

^ ^ ■ . 

The demand panel, like, the supply, panel , found the methods of estimation 
of. demand inadequate in many respects. As with estimates of supply, the data, 
are oftlpn inadequate, some of the ifn(iisrlying;^ssump,tions untested 'arid the 
methodology as yet unsophisticated . The panel/commissiohed^ and analyzed a 
detailed Bibliographic- Review (Overly, Scfiell, 1973, See Appendix) of current 
demand projections for ener*gy minerais. Chapter. XII ^examines a -number of* the 
mDst influential of these projections, and identifies cumulative biases which 
appear to make the projections too high. The danger of such a bias is that" 
it stimulates efforts to increase^ suaply to such --anextent that the demand 
projections themselves become self-njlfilling. ^ — 

. - " ' ■ .V. ■■■^■^^^./^ • - 

—rrrnie panel's opinion, therefore>^.-^first, step in policy directed^, 
toward demand must be to establish eff icierTb-^chinery for the, integratioTK^nd 
^^naiy^is of information bh which-demand projections are based, and to atfempi 
to improve the sophistication of forecasting techniques. • / 

^ " ■ ^ .''"■N ■ ■ 

' Central izatid^n^of Fnfprmation^ ^'V 

* A preliminary hiove ill the f orTnulatl'on^ of /polio^y foV addressing this issuer 
is centralization p*^ w^ti^for^itejt^^^^^ on a na1:i6nal^and ijriternational basis. ^ 
Henry Kissinger ^prppo^ed^ in^^h^^^ td the^ U.N. in^April, '1974', that:^' 

an jaternationa4 group bP'€^xpe;i:t::s::::dvpT with the U.,N. in* ^ 

. . , . . ....... _ " > for * 



;^^utveying r^s*ouTces and deve loping , an eair^^I^.J^^^ 
scarcities ^nd. surpluses . '!\^^ * " ^ 



deveP^ 



His call for iT*erhational cooperafcon stressed the i^ntei'dependenc^^ 
opedu and. deveMping nations,- and th^^ieed to shore up confidence in/ 
credibility oj U.S. fr^^^^ade principle^s^^ Priority^^consideration An 
lating-policw mlist 'b^ given to the repercu^ioji^ on *the world mp^e/tai^y^^ 
systjsm, the world fopd situation and on the pobrfr countries ifi particui^r, 
of an alarmjst (J-.,S. policy^af '^splendid bisolation'*"^in resources.. From a 
national smndpoint klone the^pot^ential for hacklash^i^ evident. 



prmu- 



'I ■ ■ 

The environment too is 'a global as well as national problem, The global 
envr^onmcntal costs of materials policy aimed at increasing supply must be 
factored in to the information based on which demand projections and policy 
relating to dcmand^rcst. 

On\ national basis.^ there is need 'within the United States to overhaui 
the federal machinery for making and using projections of demand and supply 
of resources. A report to Congress by the General Accounting Office (|JAO, 
1974) endorses a conclusion of the National Commission/on Materials Policy 
that: . J 

''Almost every aspect of policy work in this arca^^is hand.rca|)pcd by 
inadequate, inaccurate^ or inaccessible information.*^ CNCMP, 1973). . 

and .stressear that essential data are unavailable to governipent except as the 
industr/*i3 wiMJing to |xi;ovide it. Further, the available data are processed 
through unsophisti^^Xed projective techniques which fail to employ modern 
Statistical methods and,^iup:re importantly, neglect Considerations which ;^re 
difficult to incorporate lnt6snumerical models . The GAO report places high 
priority on^an ef f orj/ to improW and centralize data because the gov.ern- 
ment : • ' ' 

"already deeply, involved in resource management .. .needs proper- 
InformatioiUon which to base its actions." (GAO, 1974), 

.The GAO report deplores the lack of a centralized government mechanism 

o coordinate 4]rolicx plann:Lj3.g, „The report calls for the establishment of an . 

interdepartmental commodities committee with -monitoring, analysis, and fore- 
casting responsibilities, to permit more accurate projections of domestic 
and fore;Lgn supply and demand trends. A central agency with th^se functions 
should be concerned to provide a forum for domestic interest groups through 
public hearings. 

Enthusiasm ^in Washington fof".such an agency is tempered by fqar of 'too 
much government interference in the free enterprise system* but^ as the GAO . 
y974) Ofid Pord Foundation (1974) reports point out, the government is already 

^George P. Schultz , ^ (then Secretary of the Treasury) in a March 27 letter to . 
tKe GAO, said tadoption of .such a system "would constitute a fundamental 
change in the^bconOmic philosophy of this nationr," and would imply that it . 
was more desirable for the government to make essential decisions than 1^ 
leave them to a "free, competitive and^^open market . " In the Dupont Context , 
No. 2, 1974, (Madden, 1974,) , John F. La*lre|ice writes that there is jfear th^t 
.too much government control could harm the country * s^^energy program, and 

'^that there i^ little enthusiasm* in Washington at present for creatin^a 
Federal Corporation to take over the dil industry function^. Dr., Carl H. " 
Madden, chief economist for the U.S. Qhamber of Commerce;' suggests in the 
same Issue that a number of new insti^tiops should be established fox the 
purpose by multinational ^corporations , J . ' 



h(xiv:i.ly invoL^d; what Is needed iSo an improved and coordinated data base for 
activities ano^^rograms already used tq support the effective opcj^ration 

of tl^e nunci;e4: s^stent^. Cogent arguments in support of centralised plamVing 
are^ provided by Harvard l^rofessor of liconqmics Wassily leontief in a recent 
axtlcjle XLressing the noed for ''a wcll-'sta^igd, well-informed apd intelli- 
gent ly-gwid^ planning boa^*<J.^' (Leontief , 1974-j . 

ft is phixh> whCeYiever view we tjike, that thi s issue warrants immediate 
consideration .'by tlic Icgisliiture'. 



Improvement of Forecasting Techni/ques^fUjjd jJse 



1 

Because of t4ie long lead times involved in minexal and fuel explo'i^tion 
.operations^ it will always be -necessary to project future demand. However^ 
the intelligent use of projections for policy cannot be based on weakly ' 
founded long-range projections which try to foretell an immutable futurel 
Rathcr^f policy needs short, medium, ^md long-rahge conditional 'forecasts \ 
which are' addressed to the assessment of th.e direct and indirect consequences 
of diverse policy options. These forecasts must\ be continuously^revised in 
t\^c light of new information about changing circiimstances. and the intended 
and unintended consequences of {Policy, Chapter /xVll discu'sses the state-of- 
the-art in demand forecasting, and gives, some ?^iggestions on ways it might 
^*lie improved. • "* , / , > " . 



2. 



POTKf^TIAL roi^ IN^^LUENpING DEMAND 



T3f equal and'parallel import^ance with its call for irjiprov^ement of in- 
formation and forecasting techniques , is the panel * s^ conclusion that policy 
for influencing demand has ,been neglected relative to that for influencing 
supply. Even given accurate projections showiHg a large gap between suppl^y 
and demand, there is no empirical basis far sup^sing that the projected fig-' 
ure/|or demand "^^e. any more recalcitrant * to polrcy influence^ than^Jthosq for 
supply. . Factprs sucK as rising per capita income,\more equal distribution of • 
incomq, increased conveicsion to electricity, and|thk"nced to use low^er grade 
"ores mdy augment energy use. *There are, however, importarft lOff setting factors 
likely to reduce energy consumption that current demand proj ectlons have not 
suf f icien-tly \aken into .^account . Some of tftese rej^ate \o the effect of supply 
constraints on reducing energy^waste and increasing/ef f ioienc.y of us'^e, and 
others result from* broad social and •especiailx economic and price trends lead- 
ing to less energy-intensivo" production and 'consumption patterns. Those factors 
tending to increas^-^-^as \ipll as those tending to decreas-e corvsumption would 
appear, to be amenable, to a national policy aimed at reducing demand which 
sought to modify the former while enhancing^ €tie "effects of trte,\atter. ^ 

In ^um, *by assuming that currfeKit demahd forecasts are not onr>\accurate 
but immutable gargets, policy make'rs emphasizing ^ncr^eased sypply^ hav^ al- 
loW*od them^etll^ very little scope for decision making. One aim of • our^ 
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dLscuss ion is to .stimulate enc|Uir>' 
very limited polley. 



fnto courses of action alternative /to this 



The emphasis 'Of policy nimed to limit denuind, as' determined by Vhe three 
major policymaking groups .'(government , industry, individual;^)., to be/ effect- 
ive must be keyed' to voluntary, self- interest motivated restraints, yrathcr 
tha^i being based on potentia 1 ly unpopular fiats. 

The survey results described in, Chapter XV indicate the pubirt's lack 
of trust that other persons will voluntarily restrict thciir consun^ptfon with- 
out retaliations. it is therefore necessary to assure the public tfhat in ^the 
event Of shortages some mechanism will^be devised, to proyide equitable 
allocation. If such safeguards were offered^, there is eyidence x\> suggest 
that people will be prepared to make a conservational efifort, Ii 
foster this receptive climate of opinion, it is necessary to pub] 
encourage voluntary restraint in consumption and to "sell" the 
'life-styles: for example, substituting simple near-home pleasur 
flung resource consuming recreational activities. That such go 
Utopian, is provecj by the overall public response of the Americdn public to 
the Winter 1975-1974 petroleum shortage, wherein energy usage f^r heating, 
lighting and cars was effectively diminished. 

The attempt 'to curtail consumption vyill"meet resistance. ' Obviously 
there wil r be strenuous opposition ' by interest groups vj/hose salles will be 
affected. Owners of marinas and flying fields Kill clprly fidht propaganda 
inimical to growth in the use of their iionprodudt ive epergy coilsumers 
will manufacturers of large eight cylinde/ cars, unless each 
profitably to less wasteful modes of earning a living.; ^uch 
take time and should be encouraged by incentives in thfei inter 



order ^ to- 
o^cize and» 
ternate 
s for far- 
s are not 



as - 
iTureorient 
^R^srtions will 
i iv; so that 

the individuals managing the businesses involved and tilie ownerjs are jDcrsonally. 
motivated to. make the changes to less wasteful mo4,es. 



In short, it will be necessary to develop policy to 
range changes that encourage conservation and efficient use ol 
the same time it must be recognized that a sizeable fraction 
public is now on a sub-standard level of subsistence yhich 
with consequent dedication of resources.^ ^ 



We list below some specific areas ^usceptib^Y^ to: policy- 
government, industry, and individuals. 



Bxternalitaes 



fostejr basic lohg",. 

resources At 
(if the American 
muit be improved, 



influence by 



^ioiilu^^ 



There is an increasing awareness ^ hidden costs i^hicirioulU^ added 
'to the pro'ducers' costs (rat^her than being borne by the society as a^wbol^)^ 
incoming that they would be reflected in the price paid^ by the us^ep (^Somg^ 
exam^es are givefi in Chapter XIV)/< ' Institut;ional means should be found to 
tranter a major accounting of c-olts to the' users, so that demand will adjust 





to the reality of what it'costs to supply. The two major items here|are the 
transfer to the particular commodity user of tax and other policy aosts that 
artificially maintain low 6^iergy/materials prioes and the transferjof many ' 
environmental costs dlrectly\to the materials/energy sector so tha|: these " 
may also be reflected in pricing^ ^ 



Changes in Taste 

€ . * * ■ b ' ' 

<^>Changes in tastes ar.c'a potentially powerful determinant of the rate of 
energy use, and there arc many today who call f9r a return to a simpler and 
less energy-consuming life. It is possible that advertising, which may have 
contributed to. certain forms of exqessive energy consumption in pi^esent %l.if e~ 
styles may be employed to achieve the reverse effect by reinforcing trends 
toward simpler life styles and conser\;at ion of energy material!?. 



' ^ ■ Government Leadership ^ ^ 

Although the market^ place is the preferr^^mechanism for ^lloc^tioli of- 
resources, .and direct government control in the form of price regulatigh, ^ 
rationing, etc. is to be avoided, as far as possili^e, the government has had 
and still has a role to play in influencing; market\trends . 

Government at several levels (bulfTvith' n^itional Cuiiformity) should set- 
and enforce norms and standards ^ in energy utilization including design 
standards for public buildings and federally insured housing, controls on the 
size and maintenance of motor vehicles, restrlctipn in tn^^ use of feedstocks 
for^ certain types of consumer items, regulation of the intensity of use of 
fertilizers in agrHculture, national speed limits, and so forth, to^ the 
extfcmc of rationing of energy.- The government should also ejhploV tax in- 
centives, use disincentives and subsidies as a means of discourcbging dis- 
po/able products reward durability and encourage innovation ted^i^'if regu- 
la^tiort^ could be employed* as an extreme measure to reduce demand rx^r mineral 
products; however, it is more appropriate in a free-enterprise sysranj that 
appeals be made to reason and ethics "to keep demand in bounds* vo]^grtu^4.y. * 
Finally, the tools of impor t-export>" reciprocity, regulation an<J ins^ntiW^;;;^^ 
cart be- useful as a, means of insuring supply-demand balance. Some estlma-tesJTj 
of the effectiveness of such measures are now becoming available, but they 
are probably subject to broad margins'* of error. Their indirect effects, on - 
the general economy or on particular industries, or particular regions and 
localities, are not well undersjl^ood, and in-'many cases they may be quite 
large., In a complex mixed ^conbmy, and even in' those which attempt central 
planning,^ the unanticipated corisequencqs of^such actions have often dwarfed 
their direct effects.' It is essential, therefore, that these measures 
rpcGive very. careful consideration. 
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; SYNOPSIS OF RECOMMf-NDATIONS ' ' 

The panel's >cc6mracndatio7is, giveir in detail at the end of this report, 
arise from thevtwo major themes outlined above. Jhe first two concern infer 
mation, and the last five, pol icy for influencing demand . 

" 1. Colleot aaoufate data to allow mmningful analysis of demand _ 
functions'. ' ' ^ • . 

- ■■ 2, 'Establish institutions and technical ability to make demand 
. forecasts under various policy options/ 

Whenever possibife^ use the market place to influence demand 
rather 'than diredt goverrment controls, . ' 

Establish mpans ~to ameliovaie partiautar hardships caused by 
puhliii 'n^iaies "that alter demand. . - . 

5. E3:amine all Fed^rat actions for effects on energy^ consumption. ' 

6. EnoQurage a Mtiondl conservation ethic. • / ^ 
.7. Exercise rSstraint in^ all-oui efforts to increase supply. 



3. 



4. 



Matrix for recommendatibn action 

Govt.^"' Industry AcademiaSr Public 



1 



Fed. Govt. State Govt . Industry 



2 X , . iC .." X 

3 X ' X, 

|!, ; X •■ X 

5 ■ X - , 

6 ; X . • • ^ X, ■ ;X 

7 . , X ■ ,. - : . : - v. 
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CHAPTER XI-.I . 



DO RECENT PROJECTIONS OF ENERGY "DEMAND'^' 
PROVIDE REASONABLE POLICY TARGETS? 



*^The primary function of demand forecasting is to provide a basis for 
contingency planning! rThe particular .constraints of theory, information an^ 
institutional needs under whi^ch fcjrecasts are made- make it disfunctional tq 
take their ..estimates in a literal,, quantitative sense as a basis for policy. 
Rather, insofar as' forecasts of demand foir any c^^Smniodity enter into policy^' 
making/ they should do so riot ai§ **givens'^ 'but as' estrmates' (of varying 
accuracy) of what wouldj happen under certain assumptiai«^. Uri*Less the assump- 
tions are examined, and possible influences *on them am^yzed,'' the policymaker 
has^eneratqd jio alternative courses of actioh-^much lessVvalua^ed them. 

If forecasts of demand for, energy are po be used:,as'a basis^for national 
policy, we want |o know, at the very least, what entity has be'en /grpj ected 
\and what as$umptions'.'^ave been made in the process of estimation/ "-When recent 
projections of energy.-.demand to the^ year 2'DOO are examined jivith the$:§ pointy 
ift mind, they are fo,und ^tp c6ntain conceptual errors and questionable^^assump- 
tions. ' The resulting estimates' are thus likely to -engender inapipro|)riate-' 
policy decision^. ^ * ^ " • . 

V To help carry out its charge, the Demand Panel, commissioned a review 
(Overly, ,,Schf)ll, ^1973,^ see Appehdix*)^of recent, readily available demand * 
forecasts l)f minerals and fuels'. Some 40, forecasts made be^een- 1965 and. 
early JL97^ Were included*, however, about 30 of these were tafeen. from previous 
revievir5^""~aTid summaries . T^n more recent , forecasts and sets pf Vforecast,^, 
including, we feel, ^hpse being used for national policy regarding energy,, 
^were analyzed^ in some detail :^ Although theje' were di^fferences in methods 
arfd detail^ the discussioi^-^hkt*folldws^ su^ th^xgeneral approach, and 

eijiph&siz^e^ the shortc6'mings^^' these foreta^'sts. Details , of 
individuals forecast analyses jlre given la the review cit^d^ (Ove^Ty , Schel'l^, • 
1973; see''Aj)pendix to -SectiaA IV. ) \ ' " , ^ ^ ' V 



, -'^ ^ DEMAND,' CON^MpTION OR" MEED'? 

%)ne rea'^on the projections^ are. m^leading as .-future 'tajrg^ts is thf^tl^he,^/- 
fail to distinguish among '^demandV-^^^^W "consumption*' a^'d *'nee^.*'-^ Demand'lis 
essentially the quantity of a cg^if^ity. that ^ will be'* desired at a certain^ 
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price (or changing price) over some peribd of tjime.^ "Coifsumption*' j.s simply . 
Jiov^ much of a commodity is. used, .^eed- ot "requirements" differ .again in pre- 
supposing that extrapolated" levels of cdn summit ion are normative or "required" 
^by society. "Since there is . no objective way ir) which one can spe'cN^^ what 
living levels should be at .some future time, t^e notioft of "need" or "require- 
ments'' founders in two ways-~it ignores supply | factors and their role in 
limiting demand/ as well as assuming thjiit one can specify iSbme level of future 
consumption that is, objectively speaking, "nejeded." We shall concentrate , 
our attention here on the distinction betweerv '"de.mand" and "cofisumption . " 

Most of the projections of total eViergy "demand" for the United States, 
•'are actually pr'ojecticfns of "co'nsumptioh," made usiqg more or less sophisti- 
cated analy,ses of past use trends. They tell us what might be con^med, if 
there were no supply constraints that, in turn, were reflected in pr^ce ,- and 
^ends of all other factors that affsot use don't change.^ But, as we know 



from t^e rej)Ort of. the Supply Panel (Se 
supply cons'^traints." It may be possible 
to believe, in the short" term, that sue 
unless policy is geared at all cost^^o 
shortages will cause energy prices to r 



senae, is most unlikely to remain unaff 
prpjections of consump^pn cannot take 



tion II), vfermust expect continuing 
for energy policy tq allow Americans 
1 constraints do not^ exist. But, 
making cheap energy ava'ilabJ^, supply 
ise. 'Demand, in" the real economic 
ibcted by price increases, but th^ 
this into account. ^ 



^ The importance ofc> th^ distinction betweeq demand and consumpti'oH is well 
^illustrated by the' underestimates of fijl'ture consumption that characterized 
the "demand" projections of the ;i95ps. The latter. When compared with the 
actualities of the 1960s and early 1976s, typically turned out .to understate 
future consumption. Why? One of the principal r^easons ivas that these pro- 
jections did not take account of the fkct that, energy was becoming a bargain 
in our'society--lt was getting cheapei^^ o.ver the period and, hence a demand was 
created that was far greater than would have been the* case at ^the higher Y 
' prices that existed earlier. Indeed,- the consistent underestimates of future, 
"con'sumption led estimators tp believe that they shpuld compensate on th^^high 
side/^ This react^ion is too simolistic . - The concep1:ual entity being pro- 
jected must be one that reflects changing prices^-whichever direction they 
are goingv • • ' , 

- Suppo5i>i^" national policy, saw to it that'*energy prices reflected the" 
time' replacemint costs of materials, as well as the social costs of produc- 
tion and use", i\wHat proportions should the -projected consumption levels be 
'scaled down? Thi\' question concerns how responsive, ox "elastic" consumption 
of^ energy would be)\n rel£ition to rising prices. Unfortunately.wehave.no _ 
elegant answer hecauV ehergy has been so plentiful ^that we hav/ no large- 
~ scple^ econometric s^u^'difes of how demand for clergy varies wifh price. We- 
'■"• have attelnpted to provide some ansWer Xo this" Iqu^tion in Chapter XV. It 
seems highly unlikel)^ that demand .for energy ts '^i-iielastic" and^, hence, in- 
sofar as prices"will rise in the. next 25 years, most of the existing esti- 
mates of future consumption which 'do pot consider rising prices, will over- s. 
'shoot the mark. ' .1. ' V ' ? 
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Of \coin\se, demand for cnbrg>Ni^ 'not only a. fuaction of the price people 
must payV but also of their incomes/X There are not orlly "price elasticities, ' 
there arc\ "income e last ici t ies'. " "Nim^.e assum do the forecasts make 

^ about groWh of income? In general>they assume levels of . growth' in oirr real; 
Gross Natkonal l^roduct that now -als-o appear very optimistie--rates of 4.5 
percent anWially to the end of the century. This ,;fs higher than our average 
^ growth rat(\ betw-een 1951 and 1971 of 3.4 perce^it ^^cTnd recent events^.have led 
■ to- ji^' scaling down of projected economic growth rates as far as the year 2000.. 
Thus, we caiyiot ex rising levels of real income will easily' 

compensate Vor a '■shi ft upward in the price of energy. Trends in GNP growth- 
will Ik^ disci\ssed in Chapter Xll [ . . i , 

Population growth is .another factor influencing demand. Most of the 
"(Remand" projections reviewed not only presuppos^fe that no suppl/\constraints 
are, in the off Ug, tliey also assume- that there. will be mofe peoplV around by 
tlie year 2000 t^ian seems prob^i'hle at , this writing. Tb:c projectionsXfor 
energy consumpt : 
cent- -somet imes 

/rates- have been declining quite /apidiy, more recent population • proj ectitfns 
/by t^o Census Burbau, and comparable prbj ections . to be found in ' Chapter XIV^ 
of . this report, si\^ow tKat. the American -poinTlation iVill. -most probably be con- 
|siderai)ly smaller \:,y the year 2000 than "n^aspamed by most consumption fore- 
casts. V \ , " * A-K. ^ 

, ; l^inal ly, most projections assume /hat the relationship between ecbnofiiic 
outi)ut (GNP) and the ajnount of energ>^sed i^; -^fairly ct)n-s.tant. ' Actually, 
however, this relat ionship has been '^variable over bur history and it also 
varies amon>g other highly industr ial countries., (Ford Foundation ,,. 1974 . ) 
uni : of GNP, we have used diminishing amounts of energy over" the .long rurr 
Cafises of this trend appear to include greater techrrological efficiency, 
sectoral shifts in our ecohomy, and clianging tastes. ' " - 

I In sum, we mist rclevaluatp the so-called projections f^or energy because 
these figOres embody a Voncealed^policy directive. Projecting consumption 
unrestrained by' supply considerations ,. they say , in effect, that there ,c anno t 
be sui)ply constraints anyXgreater than we exper.irenced in our energyrcheap 
l^eriod. And, when the govjcrnment makes an effort, on the supply side, *to 
ymecjt" this projected con4wtioa-~whOn it uses- the projections as targets, 
it irs carrying out a poU^y wiiose mesj^agc is as'^foljows: sufficient energy, 
mustjbe" found so ;that it will be ' cheap enough to enable Americanis to .coflsume 
at the projected level. ^ * " 
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SOMP. RhXENT INFLUENTIAL DFMAND PROJECTIONS ' ^ 

The sctl^-^uj^il ling aspect of these^ demd^nid projections has'.been seen in 
operation in an ^aalTtvis^^^action earlier this year emphasjiziag^af 1 out' 



cffoTts^^ increase domestic energy supplies.* It seems important^ therefore, 
to anairTe Xhe projection on which thpse wei^a tascrdT^aixording f-to the criteria 
outlinejd abpve: ...This is the projection of U.S. mtj^^^; consumption to the year 
2000 of the/ Dixy 'Lee Ray Report, The Nation's Energy Future , (Dixy Lee Ray, ,: 
1973) and. other documents. ' . , 

^' The major input of information to this panel on national administration, 
policy concerning supply and deijiand.has been Jihe- Decefmber 1973 report^ 'The 
Nation's Energy Future" (Dixy Lee Ray, 1973) . This, document Recognized a 
large gap between projected supply ahd^demand and proposed a ma^or research^ 

.and development program aimed principcHlly at increasing t^nergy supplies, its^ 
stated purpose:-' "...to recommend the national energy research and develop-^ 
ment program needed- to Vegain and maintain energy self-sufficiency." (Dixy 
Lee Ray, 1973, p, 1), Early in 1974, this program was widely referred to as . 
"Project Independence:- Background Paper," -(FEO, 197.4) and .President Nixoa, 
speaking befor^e the Conference of Young Re^uiblican Leadership on February 28, 
1974 stated^V - . ^ 5 

".. .The'' major point -^f would make witif regard to energy, however, ^s 
a this: You have 'heard' about the big ■Governmeat' program we are going 

^ -to have. It is necessary. We are going to p^t $15 billion from the 

government into developing our energy resourc^fes ^over the next 5 years . 
/•^ We call it Project Independence for 1980." / ' . 

The FEO^japer, like the Dixy Lee Ray report, recognized Urge gaps between 

■ projected suppl)^- and demand and made - recommendajhion-s 'for research and devel- 
opment aimed at markedly increasing-.ddmestic erjfergy production, well as^ 
decreasing energy use grovvth rates. , j ? \^ 

■ • ' ^ <. ^ ■' " 

As this panel's report was ' undergoing final editing- 'in November of 1974, 
the Federal Energy Administration (FBA) released a lengthy /document entitled 
"Project Independence." (FEA, 1974)/ Unlike the previous ■ documents mentioned, 
this report dbes/,not mfike recommendations, but rather analyzes in some ^ 
detail many aspects of the U.S. energy situation .ur^.er several assumptions 
of- world oil prices, and po5sible;U.S.:\;#:tTo,ns ipslving effqrts at increas- 

■ ing -domestic supplies, as wefl-as cbnservin^g fuel's . Although the panel. -has 
. not; -been able to consider this'**doCument Ih any- detai 1 , , it appears that; the 

FEA has- made a much, more tjibrough analysis of>h6 dem^iid question than did 
the Dixy Lee Ray^ltua^jc, arid in fact»may have anticipated some of^the recom- 
mendatipns. made here: To tKat .extent, it is hoped tl/e reader familiar with 
the FEA^document-will Cort'sider those of the panel ' s /recommendations whieh^ 
■'coincide with its findings, as supporting of these findings. Ther.e are, Mei^- 
' evet,- many matter-s considered here that do not appe'ar.to have been taken Up^ 
by the FEA analysis*,* » • .'/„,' 

iPinaldy, we-^'w^uld Mke'to note that aM reference in t\ns panel's report " 
to "current natia4l policy," or "Project Independence," etc. (although we 
have attempted to replace this latter term wherever it appeared) aye to . 
previously recommended i^esearch and development programs (and other measures) 
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The forecast places annual U.S. 'gross energy consumption at alsout 
194,000 trillion BTU's by the year 2000, nearly three timei the 68,810 
trillion BTU's consumption of 1970. 'Thus, throughout the' BO^year period 
1970-2000, gross energy . consumption is expected' to increasib'at an annual 
average rate of 3.5 percent, compared to a rate, of 3.1 peifcent for the 24- 
year period 1947-1971. Although -the m^in thrust of the Dixy Lee Ray Report 
concern^s the period of 198D (the dqsired date for "Indppetjdence") if is clear 
that forecasts to the year 2000, are fuhdamental to a<ftiQni taken to reach the 
1980 goals. ' / I 

\ 

discussioA of energy consumption and demand in the report has. two 



sourcesTs^ a Department of the Interior Report (Dup/ee andJ 
past data, and a Joint Committee on Atomic Energy ^(jcAe) 

for projections through the year 200o} The Dixy Lee Ray .... ^ 

near intermediate value of the severajl projections (incliiding that of the 
.Interior report) summarized in the JCAE p.ublication 



West, 1972) for 
summary (JCAE, ^ 1973) 
projection uses a 



.V Although neither the DLky Lee Ra^. nor JCAE reports discuss population 
.proj_ect4,ons in any detail , the l^itter does refer to the Bureau of Census 
series '/D'* and therefore suggests a value of about 285 million persons for ' 
the year; 2,000. Combining this with the energy consumption forecast for the 
.year 2000 of 49 x 10l8 cal . (194 x ;0l5 BTU) , Ve calculate, an implied per 
capita consumption of 170 x 10^, cal. (680-million BTU's), compared ^o-a 1970 
value of 108 x l(f^ cal. (429 million BTU's). Although p^er capita consumption 



is ra^rely one of the variables projected in mos't;' demand 
a useful one to -consider when quantitotively discussing 
expected to take p^lace between now and the year |20do 

Since few basic data are 'available in the Dixy Lee 
JCAE report, it is necessary to go back to the reports ....uucxxx^^^ u; 

JCAE if we are to determine how the pr<^ections were obtained . The Interioi* 



forecasts, .^we find' it 
changes that are 



Ray report or the 
that are summarized by 



report is typical and yields values of total qonsumptior 
in the Dixy Lee Ray report 



The failure openly to analyze; corajjohent variables, 
^analysis of most forecasts, is apparefi^ in ''the Interior 



the authors of this report make >elear that the projectiJon is of consumption. 



close to 'those .used 



Observe^ in the 
projection, although 



it at ions,' population 



not demand. Although the report states that s^upply lia.. ^^^^.^^^^^ 
growth, increased relative prices, GNP projections,, and other factors were 
considered in that these "...data were correlated with/energy consumption and 
any important trends extrapolated..:" It is not clear how this was done,^or 
which were the "important trends." (Dupree and West, 1/972.) . ' 



(footnote continued from previous page) 

^made by the federal administratiaD--to reach energy sfelf-suff iciency . The^ 
fact that the more recently established FEA has releSsed a^eng1:hy analysis 

^ of possible U.S. actions without recommendations suggests tliat the n'ational 
program is not yet decided. We hope, therefore, thit the findings and \ 
^commendations here might assist in leading to decisions for the nation's 
future energy (and minerals)'^ program . ' 
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This Paiiers report, in part, will .deal with a revision of population ' 
projections for the United States, and afso address itself to a discussion - , 

of implied projections of per .capita energy demand. We wish to note again •• - ^ 
that per' capita consumption is not a Variable actually projected in order to*"' 
calculate. total demand. "However, in that consumption strongly influences 
standard of living, or welT being, we have found it a useful one in. the impli,- 
cations of future demand calculation. ^ ^ » 

The likelihood that the population projection mentioned above may be too 
high- is demonstrated in Chapter XIV.; As will be^made clear, the population 
of the United States in the year 2000 will probably lie. befween 265 million 
(on the assiijnption of a constant Net Reproduction 'Rate of 1 between 1970 and 
20003 and 252 million assuming an NRRof 0.9. Allowing for a 15 percent in-^ 7 
■creas£ in fertility through .1985 , ani only then presupposing a decline to an / 
NRir~of 1 , ' (an unlikely scenario) the projection would ris.e to 285 million. 

Chapters, , XV, and XVI argue against as large an exponential in- 
crease of per capita energy demand as implied by the Interior report or 
Dixy Lee Ray report. This argument is based on the. high probability of a 
decline in the use-intensity of enei-gy as a consequence of supply constraints, 
continuing sectoral change in the economy, and changing tastes . The implica- 
tions for the interior Report (and a fortiori for the Dixy Lee. Ray report) • • 
of incorporating \ich fundamental considerations are examined briefly here. 

The Department of Interior. report states that per capita energy consump- 
tion will 1 more than double between 1971 and 2000--89.4 -,173 billion cal . 
(333.3 - 686.1 million BTU'S^V Although per capita energy consumption in- 
crekse^l at an averagia annual rate of 1.6 percent per year between 1947 and 
1971 (liUhough for shorter periods it varied considerably) ,. the Interior pro- 
jectioh implies average annual increments of 2.1 percent per year- between 
•1970 aiid 1980, and of 2.7 percent per year between 1980.'and the year 2000. 
Even a'ssuming no constraint on_ supply, no rationale is offered- for such a . ^ 

marked increase in per capita energy consumption, 
i • » ■ . , ^. 

/j^ an illustration of how important the. assumptions leading , to these 
figuris can be. Table 1 .shows expecte(^ total-gross energy consumption for'the ^ 
Unite(i States in the year '2000 unde"r three population assumptions: 252 , 
265 and 285 millions the latter being our high estimate and that in. JCAE, 
(the Interior report used a value of 279.1), and four per capita energy con- , 
sumption figures:" actual levels for 1965 and 1970, as given in.-the Interior^ 
report, thd year 2000 'level impiicit in the Dixy Lee Ray report, and 10-_ 
percent reduction estimate suggested as possible with conservation. This 
■ table thus affords a notion- dff the nation's energy consumption in 'the year 
2000 given projected population changes plus a number of per capita energy • , 
assumptio.r1s, .only OHe of which is less than acttual experi^e in ^970. Per ' 
capita energy' consumption at 1965 of 1970 "levels might still allowj for in- 
creasing levels of living that could be brought .about^ through reduction of 
energy wastage' and higher, efficiency.' As can b? seen from Table 1;, the- •• 
results of lowering the projected per capita energy assumption _foi! 2000 from . ^ 
the, level postulfited by Interior in its 1972 projection, "can be spectacu-lar . 

' "285 .■ . ' . ■ 
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TABLE. 



Projected Gross Energj^ Consumptloo in the Vear 2000 (in Quadrillions 
of BTU) for the . United States Undd^- *S elected Assumptions Com:erning 
Population and , Cer Capita Consumption , 



Assumed Per Capita.vConsumption 
'(lO^cal. or 106 BTU) 



Projected Population^ 
252 265 



^69,^ ov 274.4 (1965 value) 69a" 

87.8 or^W. 1 (1970 value) ' \ 82,9 

171 or 680+ (Implicit in- JCAE) . * 171 

154 or 610 (JCAE with 10% 

conservation) , . 154 



C-otal 1970 Gross Consumption was 17. x lO^^S^cal. (68.8 



(millions of persons) 
285 




78.2: 
^3 .,8 
194 

174 



The population projection of 252 million assumes^F'^constant Net Reproduction 
RatB of 0.9^ from 1970 to 2000, the 265 million figure assumes • a constant NRlT^^ 
of 1 ffom 1970 to 2000, and the 285 million figiire assumes a 1^, percent 
increase in age specific fertility 1970-1985^ aftex^whiei^ age specific rates 
'are assumed to* be consonant with an NRR of 1. /Alfthe estimates include a 
constant 1970 level of migration / — 

H The per capita consiUmption of 171 x lO^ca^l. (680 x 10^ BTU) was derived from 

the Dixy' Lee Ray 'pro j eeUm3^J3f -49--x, ^ gross consum 

,^tion and the.JCAE populStion of 285 million.. 



Similar marked reductions in e^^^ctricity demand resulting from probable price 
increases have been deduced by CKapman et al., (1974). v 

Returning to 1965 per cap/itlly levels of gross energy consumptio> 
and assuming a population of 265 would require only somewhat more^ 

total energy input in the year 2000, than was actually expended in 1970: \ 
18.4 X IOI8 cal. (72.8 x 10l5 BTU) compared with 1^V4 x lOlS (6>v8nc 10l5) >v 
Even assuming em unlikely increase/ of population to' 2*S5 million b>^;-^l^^ yeaxf 
2000^ total energy-consumption at /1965 levels would meanv an increase over \ x 
actual— 4^70, consumption of less th'an 15 percent. The -^"owHpopulation (252^' 
million) and 1965 per capita consumption 'rate would gil^e essentiality the same 
tfbtal consumption in 2000 as actuallv occurred in 1970. 




At the 1970 per capita coasumptida^s^evel in the^year 200^^ and'^ia'^opur 
lation figure of 265 million, the ij^ation * s total energy consumption would be 
22 x-IO^^ cal'. (87.8 X lO^^ BTU)-|-an increase of 25 percent over total con- 
sumption in 1970. Quite clearly^! estimates such a s- these a're ot a quite 
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Total Gross Energy Consumption (Quadrillion BTU/Yr) Unclear _ 
Selected Assumptions of Population' and Per Capita Consumptio 
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dit^ferent scale than the projections of^49 x. ib^S Ui ^ ( j-94 x lO^^- BTU) £01; 

t)>' ^^^^ ^'^^V ^i^y report. They illu^:ri^/ consumption options with 
..v^ich we have already successfully lived in the^most recent pak, and com- 
■ /rined with realistic pbpulation proj ectioijB , point to the endrmous importance 
'/of assessing the vajidity of the assumptions involved^n so-called demand prd 
jections . •■ ^ . y 
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CHAPTER Xni 
GIWiVTH OF GNP AND USE OF MINERALS 



The ratio of materiaU used per unit' of GNP (e.g. per dollar output, 
measured, in constant dollars) has been decl ining ft>r many raw materials in 
the past quarter-century, although absolute quantities of use have still been 
increasing. In this chapter, we will review the historical evidence on this 
ratio (rate of use) aiid then turn briefly tp the question of the prospects 
fj^r GNP growth itself \ ^In brief, the line of argument will be that economic 
growth during the next decades very likely will not repeat the performance of 
the postwar era. But even ta.the extent growth will occur, requirements for 
many mineral's, and e.^peciiaii ^an be expected to expand more slowly 

than GNP. A further di'ntinution of demahd below the levels to be expected .on 
the basis of historical Experience would be likely, should the recent steep 
rise \,n relative prices for minerals be sustained. . 

' RATES OF USEr 

^ As societies grow, it is possible to distinguish two ways in which they 
modify their use of minerals. First, demands for final consumption change 
the total -composition of gross domestic product. In rich lands, the relatyive 
dxpansion of the services component of gross*product will lower, .on the 
whoie, the rates of use for minerals. In poor lands modernization and 
Increased per capita income tend\ to rai^e the use ""intensity for minerals. 

Second, man\s capacity to innovate means that technological progress 
wiirscr\re ' to lower the rates of usp. Throughout the world, we may expect 
the trend reflected ^in the United States' experiencts: smaller inputs of a 
m-ijieri^l to accomplish essentially that'which required larger inputs earlier. 

% What actii.-il ly has Hcen the observed relationship between materials use 
and the total output" (GNP) to which they contributed? From, 1930/34> to 1951/ 
55, the amount of energy used -per GNP dollar (t971 prices) was reduced by 
20 percent (Sun .Oil Company, 1972). Clearly, U.S. energy use was growing . 
less rapidly than was U.?. GN-P. For the period 1951 through 1959, the U.S. 

————— ^ , D ■ 
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income elasticity for .energy use was less than 1 (actually 0.89).* Thaf^, 
relative increases in energy use were less than the relative Increases in. 



income 

I! 



At the broa%st lev'el,.as U.S^- per capita GNP expanded, the value of 
total resource Lise-^minei^als , lumber, agricultures-relative to total United • 
States gross product, declined from 36 percent in 1870 to 12 percent in 1954. 
hrom 1920 to 1954,^ the' minerals share alone declined by 50 percent. During 
the decade 1957. to 1966 industrial production- increased by 57 percent whe>eas 
the use of important .minerals expanded- by well under 20 percent (copper, 
18.6 peixen^s steel', 16.4 percent; zinc, 4.2 percent). During the same period^ 
however, the use of alloy steels increased by 4^9 percent; synthetic rubber, ' 
82.5 percent; and plastics, 240 percent. ' Since 1900,^ the efficiency *of coal 
use has also improved markedly; one-eighth the amount of coal required in 
1900 is now needecl to generclte a kilowatt-hour of electricity^ ' 

While energy use grew at a lesser rate than did total product, 'it still 
grew at a more rapid rate than did population; U.S. per^ capita energy con- 
sumption increased at an annual average rate of growth of just under 2 percent 
between 1951-55 and 1966-69. But <the important point is that even before the 
days of recent changes in the price and/or availability of energy raw mate^T"" 
rials, the forces of economic change were apparently working to lower the " 
rates with which the U.S. economy used many raw materials and energy. 

To be sure, .there were short-term fluctuations in use rates. There was 
a rapid expansion. in this 'ratio for energy in the imn^ediate" post-WorlS War 11 
years after 1945, but the downward pattern was again resumed before 1950. 
Similarly, the years ^969-72 reflect another reversal to increased use of 
total energy per unit of GNP.** This was a"" period" when energy prices moved . 
dov>yn relative to other prices; it was also a period of intense business 
activity to expand consumption, of energy-using appliances, it was a period, of 
large investment in air conditioned structure--both commercial and residen- 
tial.. ■ • 

One decisive element in the declining rate-of-use pattern in the U.S. 
is the changing composiiyion of our GNP. Demand forces have mowd our ^economy 



*Por o^her major materials, the same phenomena' are revealed in ,the U.S. data. 
Thus over the same yea:r$ ,. income elasticities were crude steel, 0.67; iron 
ore, 0..'58; ref.lned copper , 0.65; zinc, 0.58; and sulfur, 0.94. Exceptions 
jire .aluminum and fluorspar, where only rates of increas/3 have declined ^ 
markedly over the last dqcades. 

i " ■ ' ■ ■ \ ■ ■ ■ • ' " ■ - ■ 

7*Thus, the recent Pord Report (1974) shows data for 1960 and 1968 which re- 
flect the downward movement; in use-intensity. Sut preliminary data for , » 
yi,W2 (p. 42 of^the Ford Report)' suggest higher intensity rates than in 1968. ' 
See also Sun Ofl Company (1^970) . \^ - 
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• toward mcSre- serviie output relative to ciTmore -goods output. This ha,s, "on^-tfie 
I whole, resulted ik a shift to a less energy 'intensive sector, especially 
'• fwhen comparison :i/s made between energy use ovqr decades.* _ ' _ 

Similar staL'njents pertain for other rich lands in "Europe and elsewhere, 
° al'though therb ■eko specific exceptions which can be axplained in terms of ^, 
other forces thdn cpnsumer demand for" a changed structure of GNP. In the 
USSR and'CanadaT rich lar^ds where nevy'lndustrializatdon' was widespread in . 
recent decades, energy intensity has been pushed up, although' moderately, 
-and perhaps, temporarily. In the world's, pooT land's, -on tljfi other hand,- 
changing composition of GNI^ ref/ects the new industrial emphasis on the 
". developing natibns. Rates of /se of energy are still increasing ; -income 
.i^lastici't ies <ive much, higher .tfhan^ in .the rich lapds, and. can b'e expected to 



continue so . 



Relevant d'ata are shown in Table 1. ;Over an/'lOTig growth cycle from ', 
pooi^ to rieh nation atatus, the' use-intensity, of/important materiaU;.-may be 



TABLE 1 Total Energy Related to .GNP 



■ 4 

■. •., ' 


Intensity of Use\ 
,[000 m'.tl per $ t 
ri971') pr-icesl 


kllion G^«' . 


Income' Elasticities 




1951-1955 




■1966-69 


1951-55 to 1966-69 


■ ^ : 

A. World 

^ — j, 


1760 




1780 


1.03 


■ ' \ 

B. U.S. '1' ' 


2160. 




2070 


0.89 ° ' 


, } . ■ ' 

C; Other Developed Lands 


1940 




2100 


,1-18 . V- ,. 
0.78 • \^ 
0.8/ \ 

\ 


Western {Jurope 
^ Eastern Europe / 


160'6 
2430- 




■1420 
2330 


USSR - V 


1890 

/ 




2130 


1.23 ' 


^ Japan / : 


1600 ' . . 




1290 




'D. Poor Lands 


' 872 




142^ . 


.2.. 28 ,^ ' 


' , China \, 7 


1280 




3080 
' ' — *~ 


4.i6 


■ ■ ^' ' T 

Source: Malenbaflm, 197'3, p. 


11.^ 









*Eyen a 1960 anavl968 use comparison shows energy in industry and transpor- 
tation relatis/eW smaller, -with commercial and residential uses relatively^ 
higher. (Ford F<6i>ndatit5Ti, 197 > _ \ . ' 
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expected tb show an increase durjing early years ;:^ollowed by a flattening and 
decline later. When nations pus|h their economiesi to .modiernization and in- 
dustrialization', their use of materials* and energy grows more rapidly than 
their total national product. Wealthier nations ease off iir such inputs, 
relative to, GNP growth. While the turning paint cannot be precise, past 
.experience suggests it falls in the $2,000-$2.i5pO GNP pe^ capita range ('1971 
prices). Such a generalization/ should contribute to ret-evant hypotheses for 
materials use in future years iin different psLvps of the world. 

'While poorer lands tend to have lower j:ates of use than do richer . lands, 
'such interregional differeijces depend n)ore/tippn the specifij:: characteristics 
of individual economies. Thus, Japan's rates of use of energy tend to be 
higher, at any given level of GNP per capita^ than are those for W^^stern 
. European lands. While Table 1 suggests/';that poorer lands' tend to have lower- 
intensities of use than dq richer land^f/the GNP-materials relationships 
among nations i§ x^ot easily generalized ./ past records indicate the ""intensity 
level for ea'ch nation, but we can hypothesize, only on its .future time pattern 

Another interesting angle on this profelem can be "explored by comparing 
the rations in different countries. As shown in the chart from Scientific 
American , S.eptember, 1971 (se/e next page) , th^re is considerable variation in 
the ratio for different nations . T;he United States is fairly typical, with a 
value-of about -^17.00 par million BTU . The Soviet Union is not as efficient, 
with' about $12.00 per million BTU, wbile South Africa manages only arOund 
$8.00 per million BTU. So,/ even limited to technologies and prices currently 
in-existence^, one mght, fo'r instance, aVgue the possibility- of the Itnited 
States doubling its GNP without incre^i<uig its energy consumption* (by attain- 
ting^ ^atio similar to that of New Zealand, but at higher absolute values) . 

" . ' ■ \ • ■ * 

- - ^ • . T^HE PROSPECT FOR GNP GROWTH . ' 

The GNP growth xaiesj of the two decades 1951-71 (Taj>i:e 2) for the entire 
world, or for any major regional componeni:, exQ^ed sigtlfificantly the average 
growth rates, for arty^ twenty year span prior to* th^^"" period. Today, moreover, 
the world encounters new problems of inflation with unemployment and of inter- 
national monetary instability. It is struggling with short-term materials 
crises. The long-term outlo'ok for rapid progress seems less, assured than 
might have been projected a few years, earlier. ' Gi^yfen these special circum- 
stances, it thus s.eems most unlikely that the unusual levels of 1951-7J will 
^continue for the rest of the century. Rates of economic growth' in the world 
as a whole, and in very iinportant component areas, can be expected to average 
below what they were in the two -precr^ding decades. 
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South Africa • 



Bulgaria , 
Romania* 
Argentina • 




U.K.* 



Bflgium and Luxtmbourg • 



Poland 



Canada • 



V 1 

» Australia 
• Germany . gv^sden 



• Denmark 



U.S.S.R.* Netherlands , 

Norway 

• Huhgary I 

• France 



• Ireland 



Japan 
• .ttaly 



Mexico* Spain 

• • 'Chile 
Yugoslavia • Uruguay 
Colombia* •Greece 

Brazir^Po^^uga' 1 
* India • Ghana 



• Finland 



* Nevi^!^aland 



U.S» 



7 



500 



1,000 1,500 2,000 2,500 

GROSS NAT16nAL product ($ pencapita) 



3,000 



SOURCE: Cook (1971): by Courtesy of Sc*>nf;A/C/4mffr/caa ^ ^ 

Rough 'correiatiron betvveeri per capita- consumpti energy and gross 

nat ional pro*luct i s seeij when the. two are. plotted together; in general , .high 
per capita en(^(rgy consumption is a prerequisite for high output of goods and 
services. If the position plotted for the U.S. is considered to establish an 
a-rbitrary ''line," somq countries fall above^ or below that -line. This appeals 
to be related to a country's econoinic level, its emphasis on h eavy industry 
or on services cind its efficiency in concerting energy into Work. ^ 

'Source: Cook (1'971) : The Flow of Energy in an Industrial Society : ^ Copy- 
^ right Septembe?^ 1971 by Scientific American Inc . All rigl\ts 

reserved. , / * • 
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The Flo/ of EneTg:y in' an Industrial Society.. 
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TABLE 2 Gross Domestic Product 1951-1971 
(1971 prices') 



World 



GDP (Billions $) 
Pop (Millions) 

GDP/Pop '($) 



U.S. 



GDP 
Pop 

GDP/Pop 

C. Other Developed • Lands 

■ GDP ^ — 

Pop - 
GDP/Pop 

D. Poor Lands 

JGDP 
Pop 

GDP/Pop 



1951-55 



1689 
2677 
f 631 



579 
163 
3559 



820 
744 
1102 



290 
1770 
^64 



1971 



3810 
3784 
1006 



1050 
210 
4997 



2095 
914 
2292 



665 
266.0 
250 



Annual 
Rate of 
Growth (%) 
1951-71 



4.6 
1.9 

2,6 



3.4- 
1.4 
1.9 



5. 
1. 
4. 



Source: Malenbaum (1973) p. 11. 



At least in industrial countries, economic growth appears to have lost 
much of its magic as a national goal. Should confricts with different goals 
come up in the future, growth cannot be expected to win out as easily as it 
has in the past. This statement applies in particular to those GNP compo- 
nents that al*e capital and materials .intensive and~pi ace greater strain on 
natural respurcejs (through exploitation) and environment (through processing), 
than do labpr intensive components. The apparent physical limits to the ex- 
pansion of materials production, as documented in Sections I and II on J " 
Technology and Supply Jj must also be considered in assessing the prospects of 
-^NP. Because of the dreat extent of uncertainty we offer no quantitative 
forecasts of future GNP levels, but rather point; only to the biases inherent 
in an extrapolation atrpast trends of both GNP and minerals use into the 
fut'ure, as /is common in most projections analyzed. 
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CHAPTER XIV 

NATIONAL AND INTERNATIONAL DEMOGRAPHIC TRENgg: ^THEIR RELATION, 
TO THE DEMAND VOR MINERAL RESOURCES INJHE UNITED STATES UP TO • 

THE YEAR^OQO ^.^ ; 



Assuming, as most project or ^.ji^,, a continuation b£ the positive 3:elation-' 
ship between consumption of mineral resources and population growth ^ in the 
U.S., the latter is an important factor in considerations ^concerning ^possible ^ 
future consurnption of mineral resources. Since the 'amount "of ^mineral re- 
sources on the earth is finite, , i3 distributed ^atound t^e earth Lrx a partic- 
ular 'w^ay, and^^with varying access, the availability of, consumption of, and » ^ 
demand for mineral , resources in the United Spate's will depend also on popula- 
tion, growth trends dn^other paits of the world, / . - ' 



* The" current $oc:Lb-economic ^and. demogr.aphic Situation woi^d indicate that 
U.S. and "developed Countries" popula^tign growth .trends will bq reasonably 
slow djiring the foreseeable future. . 

* . * ■/ . 

For f he O.S. in 2000, an acceptable estimate would Be a pt^pulation in the 
order of .10-25 "percent Jarger than at present as -a result of '^natural growth" 
(births minus d-eatl^) .• ^ Assuming a continuat^ion . of the stable "iminigration 
levels of the last twqf.: decades (about 0,4 n\illioi^ Annually) , the range esti- 
mate would be increased , to 15-35 percenT^bove the 1970 population size . . 

" . Population growth tren'ds could be influenced^oinewhat by regulations con- 
^ cerning international migration, and by attempts to modify fertility via 
policy measures. ^ * ^ . * 

The population growth trends of the developing countries are likely to 
exceed considerably those of the ^Jnited States and the other developed coun- 
tries.. It is by no means unlikely that the population of the developing 
. countries will almost double by the year 20007 



U.S. POPULATION GROWTH: CURRENT AND PROSPECTIVE 



Factors Affecting Population Growth Mortality and Fertility 

The mortality decline seems to be slowing down; theM^outlook for the, next % 
decade is a slow further mortality decline, or a practical leveling of f- of ' ^ 
life expectancy, eveiri mare for men than for-women. 

\ • ^ 281 
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The- fertility decline of the^past 15 years has continued in 1973. The ' 
crude birth rate is now around 15 and age specific rates are below .replace- 
ment levels. What will happen, ir^ the next several years is questionable, 
but fertility rarely proceeds in drastic jumps / therefore a further moderate 
decline, a small increase, or a leveling 0ff (tiot excluding the ''|)ossibility 
of minor fluctuations) are likely. i , - 

Socio-ecortomic influences that militate against a vise in age specific 
birthrates are the contimiing inflation whicjh, at least in the short- run, _y 
could Icijid couples/ to at tempt^ tOj^pr,evejit an erosion of \ their^ level of living 
6y postponing childrearing;. recent impaired ejnployment and 'occupational 
opportunities 4:^or young people which afe^Cjxperi.enced as relatively painful . 
beccius'e this- genexa-tion was brought up in parentaj homes of unprecedented 
affluence; a probable increase in. female, labor feirce^, participation possibly 
at 'occupational -levels "that are more .demanding fhah the typical i^'female*^ 
occupations^ of the past; a rise in the^ education leveL of the pcTpulation 
which leads to more .informed >'4ecisions conoerning vreproduction and greater 
potential costs to young parents for havings children; and the greater variety 
of effective techniques 'of fertility control now available, including ^'back- 
up" methods such as abortion. • • ; . . • / 



On the other hand^ survey data show tha^ few young people desire-to be 
childless or, have only one chil<i. Marrjiages. and«births are quite possibly 
jfonly^ being postponed .' Since t,here , is by now a large contingeiit of young 
women who have not -yet had * the number of* births that surveys show young 
Americans? want, childbcqr-ing among'^these grown-up cohorts of /*baby boom'* 
'babies could augment the crude birth rate quite substantially. I#, in addi- , 
tion, younger Vomen starred tfO marry earlier a;i.d have children at more youth- 
ful ages, tKe birth rate "Would' receive an additional boost. Thus, changes in 
timing -and spacing "that may seem tjuite negligible to ^the individuals involved 
can cumulate into substantial effects on the crude birt-h rate. Relatively 
late childbearing of womefi currently in their early twejities coupled with 
possibly slightly earlier childbearing of women' currently in t-heii;, teens ' ^ 
could lead to a significant increase of period fertility above' replacement- - 
IcvQl in the late 1970s or early 1980s. ' \ 



' ■ ■ ' ■ ■ ^ V 

International Migration . . ^ * 

The legal flow of migrants in and out of the U.S. under. current" -condi^ 
.tions results in* an average annual net gaiji of cldse to 400,000 people. If 
this flow were to be maintained, with roughly 4ts present^ structural charade- 
teristics, the fixture size of the U.S. population "in the year 2000 would be 
only margina*lly larger than without ^immigration (at the most /about 8 per- 
cent larger) . Since, however, the growth of the- total U.S. population due ^ 
to natural increase by the year 2000 is expected to be relatively small 1 
(i.e. , ilO to 25 percent, larger than in'j970) £ 5^ to^ 8^ percent additional 
increase due to migration is *in any. case a meaningful part of the total > ' 
population increment. . ' . " » , ^ >' 



Internal Migration ^ ' * * " 

Population redistributiy6n within the country could alter patterns of 
demand for mineral resourced. Different' climates have varying demands for 
energy (heating*, air-conditioning); the relative location of residence, 
pLace work, place of training, place of entertainment and recreation, ^ 
create varying demands on transportation (materials and fuel). During the 
1960s arid' early- 1970s the main, m'igrational flows have been to- the South and 
West, from metropo]^itan areas to th>e Suburbs', and these have been strong 
enough to redistribute significantly the U,S. population, , These migrational 
flows*could have altered^'the structure and size of demand for m.ineral.re- " 
sources. ' However ,- the net 'effect may well be negligible bwingi^to compensa- 
tion gffects. For example, energy requirements for heating in^the North - 
^are offset' at least partially by those for air-conditioning in the South. 
The net increase of the population in the South and We'st possibly meant a 
decline in the respective demand foi; resources but the trends of. suburbani- 
zation and increased leisure time and the developing recreational patterns 
go in thfe opposite direction. ' . „ - 

Vn the future, it is not clear that the recent trends in suburbanization 
will necessarily CQtitinue. They may even be reversed if families end up by 
being very small, married women with young children continue to participate 
in the labor .force at increasing 'rates, and costs of coiratiuting become seri- 
ously augmented. Under such circumstances^ a reurban^zation trend might 
develop, thereby saving a considerable portion of the energy costs of commut 
travel as. well as chauffeuring by mothers within the suburbs. / 

' ^- 

*■ . > - ' 

Marriarge Patterns ^ ' - 

. Age at marriage (especially of legal marriages)! is ^increasing. . This 
.Usually lead^ to later and lesser childbearing ; later childbearing -means a 
loh^er average interval b@tfWeen generations and thus a slowing down of the 
' rate of population growth. Divorce rates are high and increasi*ng but, ^ 
relative to other influences, this trend does not hav*e a major impact on 
the amount and timing jof chil'Sbearing . ' y . 

Prospects for Population Growth During 1975-2000 

In order to arrive at wha^» seem to be ^reasonable expectations i for the 
upper and lower limits of population growth during the next 25* years, we 
have flingaged inSVarying' extrapolations of current trends based on the pre- 
ceding discussion of factors affecting population growffl^. Depending oh 
which extrapolation is, chosen, the*population of th^ United States by the , 
year 2000 co.uid be in the order of 10 to 25 percent larger than it was in 
1970 (with an assumed 0.^ million annual, net immigraiits , 15-3^ percent). 



TABLE 1 Prospects for U.S. Population Growth During 1975-2Qff 



Basic Assumption of 
Fertility Trends 
For 1970-2000 ^ Mix 




Assuming 1970 
Levels of i 
Migration 



Size (in\ 2000 , 2000 
millions) -Absolute Index 



2000 

Absolute 



3me 



1970 



Size" 



(1970-100) Size 



2000 
Index 
(1970-100) 



7 



NRR=T. 0 (replacement lev.el 
fertility throughout the 
period) , 

NRR=0.9 (below replacensi^nt 
fertility throu^out the 
period9 

15% increase of fertility 
. * until 198*5 then repl^aae- 
merft f ertilaty' 



205 



205 



205 



250 



238 



270 



122: 



116 



a 32 



265 
s 

252 
285 



129 
123 
139 



Constat 1965-70 fertility 205 



279. 



^136 



295 



144 



The last two rows of .the table (i.e., those^traat assume (i) a fertility 
increase during t|ie 1970s and early 1980s of about \l5 percent compared to * 
the late 1960s (a renewed baby bpom)\^ or (ii) a constant fertility of the 
later 1960s, compared to actual developments and 'to 'Vhe' outlook for the near 
futule^, -'illustrate situations that appear to be increasingly unreali^^stic . 
Accord&g to these latter projections the U.S. populaT\lon in. the year 2000 . 
would be 40 percent or more larger than it was* in the^year 1970. Since 
neither of thevse projections are gurrently materializing, they can serve as 
a reasonably ^ood argument for' an uppe:^ limit of expected population growth. 
This statement has to be. qualified by the fact that a baby boom (or '^boomlet*') 
could materialize ^with a time lag--say; only^ by the early lN980s. If this 
v^ere to occur, it^ /impact on the size of the^ population in\the year 2000 
would be smaller than' illust^a*ted' a,bove because of the tiineVlag and, as a 
resuL"^as well, lesser^ second, generation • effects . \ 

' ^- ' ' ^ ' . ' A ' " • . 

\ NON U.S. POPULATION GROWTH:. CURRENT AND PROSPECTIVE 

• In the dev^eloped countiries the situatioh is basically similar to that; 
of the' U.S., but within this framework there are some intdrestingVf eatures r 

«1. Many countries have more pr Less effective pronatalast polVcies.-^ 
These .have not necessarily increased fertility considerably but might have ^ I 
prevented fertility from declining further . Usually countries adopt ^such 



285 



■ " ■ ■ - . y ■ 

measures and pursue t-hem vigorously when fertility declines below the re- 



placement level 

2. During the last several years some countries have fertility levels 
not only below replacement but* also have negative rates^ of natural increase 
(botK Germanys) . , 



a * In developing countries there is considerable regional ^aftd countr,y-by--coun 
variation. Several basic features 'can be summarized as follows: - 

' ■ .-X , . . 

1. Large variation in mortality is seen in ^he developing, countries^v^ 
but-almost everywhere it ishigher* than in th§^ developed countries and 

..thus there is^furt her room fox decline, which is universally considered a- 
good thing. ^There are visible couitterforces , for instance: world food 
\ production h4s had difficulties keeping up with population. growth, ^ood^ 
\ reserves ay^ diminishing, there seems to be evidence of unfavorable trertds 
^ .-the world/climate; the energy crisis may lead to a long-term cut in produc- 
tion of fertilizers, although an increasei in production is needed. 

Possibly 20 million deaths from starvation are estimated in the 
developing countries for 1974 over and abave the, "natural' (normal) total 
of 40 million deaths; this would give a total, of 60 million. The cjrude 

/ death rate would increase from 14 per thousand population to 21, and con- 
sequen,tly^the crude rate of natural increase would decline from about -2.5- 

0 2.6 to around 2.0 percent per annum in the developing countries. ^ 

2. In most developing countries fertiijlty is still very high, higher 
than ahundred years ago in the developed countries; the average family is 
5 to 6 children per woman (if childless and unmarried women are excluded,^ 
about 6 to 7 children per family) . To date only^ in 15 countries Cout of , * 
about 90 for which at least rough^estimates are \vailable) crude birth 
rates are already below 30. In addition these particular populations consti- 
tute a minor proportion of the population of the developing countries:. 7 of 
these countries have populations smaUer than 1 million, only 4 have popula- 
tions of -around 10 to 13 million inhabitants. Roughly the same number o% 
countries have crude birth rates between 30 and 40 per thousand, and since 
the People's Republic of China is assumed to/he in thi^s category, together 
with some other populous countries,, this category does carry significant 
weight. The majority of the developing countries in Asia, Africa, and Latin 
America still have crude birth-rates of 40.per thousand and more/ 



in I 



3. 



High fertility in the developing countries has ^created a so^rcalled 

. ^ rule--to wnich there -are 



yQung age distribution of their population 



*The 
a re 
but 
tanc 



crude^ death rate might be lower in 'a particular developing counfry, (as 
suit of a favorable age structure) compared to the developed countries, 
the age-specific mortalities are usually ^'higher, and fhe life expec- 
ies lower in the /ifcspective developing countries. 
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except:Lons--pver 40 percent* of these populations is, hhlo^ 15 years of ^ge, 
over '25 percent is in the youn^^ childbearing ages of 15-29,^*^1x1 only aSout 
5 percent of these populations is older- thaa 60. , . 



rr Suwnary of Demographic. Situation in'^ Devel^oping Countries: , ^' . 

The current population growtlvrat^es- are at an unprecedented high-level, 
i.e., ^ligher than ever normal ly .experiencged by developed countri-e^. Current 
levels antl trends^ .of fertility^ilfd mortality- together witfv the existing age 
structure of these populat:i6ns/pr.ovide an extremely high potential - for future 
population.-^gro.wth. Consequeiytly , coinpetiftion . with developed- co.urftries for 
materials in general -artd - for/food production in particular, is likely tQ 
accelerate. Table 2 shows project-ed population figures for the developing* 
countries under the assumptions of rapid and. relatively «iow fertility de- " 
cl^ini^, together with figures ^or the developed coimtries and the world as a 
whole. Ip is clear that the presently developed cWintries are .^ue. to form . - 
an ever-decreasing^share the, worldl^s^people. >ithQugh it must be" borne - 
in* mind that some of ^he^ ^rrently developing countries •will have become 
^'developed'' by t.^ie yeaT 70(>Gl thereby changing the ratio^. ' ' 



Rapid demographic .transition 
in developing countries 
^<a:eplacement,^^rtility 20^) 

Developed countries I 
^ (replacement fertility 
from 1970) . 

World Total ^ ^ \ 




TABLE 2 

opulation Size" 
197D .2000 2050 



2.5 4.5 



6.5 



InSex of Growth 
1970 2000 2050 



100 180 260 



.Composition 
1970 200Q 2050 



0 



78 



82 



1.1 i;3 l.,4 .100 .118 127, 30 '22 18 



3.6 5.8 



7.9 



100 



161 220 100 100 100 



Traditional demogra{)hic transition 
" in developing countri^ 

(replacement fertility by 20^)\ 

Developed countries 

(replacement fertility from/- 
,r970) V 

World Total . ^ * 



2.& 3*3 1^6 log 212 464 



^2 



70 



3*6 , 6*6 



T3^0 



100 ' 183 



80 * 89 



1*4 ,100 118 127 30 20 



11 



361' 100 100 100^ 



Source: (Frejka, 1973)/ 



CHAPTER XV ^ , 

T^ISING PRICES FOR ENERGV/MINERALS AND ADJUSTMENT TO SUPPLY CONSTRAINTS 



• , • » • 

There are a number of reasons £o^ past and expected. increases in the \ 
costs of minetal, production. The first is the^ physical characteristics- of 
the resources to be exploited in the future: their concentration, loc^ttion, 
;vv - %^eessiBility., Second, a new awareness by the holders of natural resourb^s 
^ '*^^f their wealth and its finite nature has taken hqld. The third is the \. 
\. . diirfinishing tolerance by' the public of environmental damage and other ex- ^ 
'^/t^rhal^ effects. Quite possibly these three Sactprs^ are exponentially related- 
^ . to Exploitation, that is only a small increase in production may, o^^ause con- 
siderably in9reased marginal costs in the form of higher unit costs fox 
"production and resource owners rent, aJid increased costs to alleviate^ hajijj— 
..ful environmental effects. In Qoncert, they may overstrain an already . . ^ 
. strained systemr If supply expansion meets with increasing resistance / it 

• is -well^ worth inquiring about the implications of curtailing demand. The 
recent .precipitous increp^se in the relative prices of some minerals riot only 

* provides instructive evidence needed to answer this question, it also points \ 
to' i|:s^r.elevance: the po^sibil ity of cont^inuously high and rising relative ^ 
prites f9r minerals is Ti#al and must be seriously entertained.- 

We start out by draWing^^attention' to one often neglected, probable souj-ce 
of relatit^e price increases for ^mineral s : the environmenlfal and social costs 
of extraction and refinement. iVe then go on to .reviewing some d^ta about ^ " 
pX'Ve elasticixies mainly based oti the "less turbulent eqoapraic history of the 
1960s to be followed 'by an analysis of ther consumer ^^esponse to tl^e recent . * 
energy crisis. No systematic evidence/ is yet/ available on the behayior^l*^ ■ , 
response by industry or government to the recently eme^g^ng constraints.. /f 

" ENVIRONMENTAL AND SOCIAL COSTS • • V 

»l *! . > •■ ■ ■ - w ^ 

The assumption of' steeply rising, costs for minerals/energ/ production 
is" fundamental to. the argument :of ^.consumer response involving reduceti^ de- 
mand. Much of the argument for such price rises' is furnished ^ri 'Sections 1 
ana 2. by^the lj>anels on Techhoiogy and Supply and lies -outside the scope of* 
^this Section. However, the influence" on prices of external (or *'hi4den^0.„ 
costs not specifically related to supply considerations^shouldt also be' 
examined ^ ' % i i ' ^ * ' . ' 
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' These hidden costs arc those .not considered in the price accounting of 
resource; extraction. Although there are equally positive or ^'benefit^' -effects 
involved, our primary concern here is the more widespread negative or extra 
cost elements. ' , , • 

Many of these hidden costs are concerned with degradation of the environ- 
ment. The- situation wh^rd wastes associated with resource extraction ^vere *• 
small eno\igh to permit of easy disposal no longer gbtains ;^ many parts of the* 
,\enviroriment can no longer **dispose of*^ or ^''^process" all the wastes 'they ' 
t©ctfi>Q^ without detrimorit. The Cleaif Air and C^ean Water Acts have been 
the legislative attempt to solve this problem, and the implementation of the 
standards^hey impose naturally raises the cost of operation and, incident * . ' 
tally, ^.,feO some extent the need for energy, ^his cost is passed on to the 
resource consumers. Assuming some price 'elasticity of demand, such current 
"and -expected actions should have an effect in reducing demand, or moving 

production to areas where these concernsfare not yet felt. 

\ . * ■ * 

Direct and indirect subsidies, usually in the form of "favorable'* tax 
policies for particular industries, are other, hiddejn costs which society pays 
for .maintaining an artificially low price of selected commodities although 
low price may not be the primary object of^the policies. A, specific example : 

♦in the resources industry has been the depletion allowance, whose. purpose is 
to, compensate an owner whose property must be **used up** to benefit society. 
Without discussing the correctiveness of this compensation, the depletion 

' allowance in effect lowers the income taxes of resource coijporations relative 

, to those* of the average industry, allowing thqm to market at lower pricesi 
than would O/therwise beQjqecessar'.y . If the consumers of the resources were to* 
pay the compensation, rather than the society as a whole,* the respltant ^ 
higher prices of the resources would undoubtedly raise the price of- final 
resou:^ce or energy intensive goods and activities, relative, to other more 

' labor intensive sectors, ^and thus lessen demand. , < ' 

-- - <*■ ► ' ' ' * 

It i^ far beyond the scoj5e of .this report to treat all such hi<J^err~costs 
in*^ the resource industry. However, we will atten^ an investigation of a 
portion ^o.f sucb costs in the cp^l industry as a^ase study whose conclusions 
^Can be, appl»ied to resource extr^ption' as a whole.. 

Coal miningf is one of the morq, hazardous occupations in- our society. It 
has a high accident rate relative ^,to* similar work (bothvfatal and nonfatal) 
anj^ coal, miners ar9 subject to a high incidence of pneumoconiosis (black lung 
disease). These* ''personal environmental impacts** . lead to additional produc- 
tion costs, normally borne by the sales of coal, in the form of lost or in- 
efficient -labor productivity, industry compensation payments, mine property / 
damage, eti. But other costs of" these occupational heal th and safety impacts 
are borne by society in general, in the form of black lung^compensation bene- 
^ fits (bf .the order of $425M arinwally in 1972) , welfare medical expenses 
-^(annual public health cc^st for pneumoconiosis detection and treatment is 
$2-3M) (Bureau of Mines coal mina health and safety research budget is $27M),* 
and others. Finally, miners and Dheir families, carry some costs in the form 
of lost incSme, increased medical expenses, etc. 
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In 1969 the-^ value of coal prptluctlon was about $4.5 Billion for 540 mil- 
lion tonnes (600 million 45hort tons) ($7.50/ton), arfd vve may ask what are the 
relative amounts of the external costs mentioned above." 

How to distribute the annOal black lung benefits cost to current produc- 
tion Is not straightforward, since the compensation is for disease cont-racted 
over a prior period of time -(as well as for current cases). Moreover; as 
mentioned in the Environment and Health Panel's report, it may we\i be that 
the compensation is excessive. A rough estimate*might be made as follows: 
F-or the last 25 years, average • production has been around 450 million tonnes 
(500 million short tons) for atotal of U^2 bullion tonnes (12.5 billion 
short tons) over this period. The cumulative black lung benefits payment up 
to 1972 (before more liberal payment fequitentOTlts were" established); was about 
$1 billion. Thus the, added costs pea- ton of these payments, assuming all \ 
were due to operations over the last 25 years, aretr8((: pdr ton. The Bureap 
of Mines coal mine ^health and safety budget o^ $27M (5(f/ton) and the public 
health service sum of $3M^ (l/2((;/ton) might also be considered as external 
health costs. '^I'hese external costs (and they are'not all of those associated 
with the industry) add up to only about '2 percent of the price of coal. How- 
ever, they are» illustrative of the way in which prices are lower than they 
might otherwise be. Enactment -of the Federal Coal Mine: Health and Safety 
Act is another example of current national poliey that brings formerly ex- ' 
terrfal costs- into production accounting. As these costs are passed on to the 
consumers, we c^in oxpect a relative lessening in demand compared to the large 
increases assumed in popular pro j ect ions . 

There are ^other «ncw'* costs that aTe being assigned to. the coal industry 
and its "users, such as strip mine reclamation and sulfur and particulate 
emission control ^ These costs vary ' considerably regionally according to 
type of coal. But, as these costs are being passed on to consumers , .we can 
also expect a relative reduction" in per capita demand for these causes, com- 
--pared to the large increa^^e's assumed in popular projections. 

* A crude calculation shows that these' environmental costs at the user end 
may be much more striking than those concerned with mine worker/s health. 
The Ford Foundation (1974) has given a preliminary estimate that not rpore than' 
$3 -Billion per year would be required for^ sulfur oxide controls on pjower 
plants that produce some $4 Bill,ion in^damagps.* Using Robinson and Robbins' 
(1970) data for sources of sulfur oxide emissioa^, and* those of. JCAE (1973) 
for energy flow in 1970, it is seen that some 95 percent of the s'ulfiJr o1>d.des^ 
emitted by. power plants is from coal combustion. About two-thirds ^of total 
coal production is used *in electrical power plants, 360 million tonne^s (about 
400 million short tons). Thus, were these controls put into effect, with/a, 
total cost of some $3 Billion^ the costs to the companies would: be greatfer 
'than that of the fuel. If oil shgrtages cause a shift to Qoal for , electrical 
power generation and sulfur emissions are curtailed, i*t is certain-that elec- 
tricity priqcs will increase considerably. / 

The hidden costs depicted above are peculiar'^to' the coal supply and use 
rndustVies. .The fundamental issue i<5, however, applicable to resource , 
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indus.trics as^a whole. For copper, ,somc external effects ar>o:- the health 
and^ cnvironiuqfntal effects of copner smelter operations on air and water, 
over-use of groundwater i!*aisirrg agricultural costs, and degradation of land 
areas. Other miscellaneous examples are smog from auto .fuel consumption, 
possible ^health effects of poiLlutipn from taconitcf mining operations, and • 
merca.ry poisoning in .marine ecologies. • \ ' 



An example of the effect bf tak structure oil external costs is also ^in 
• order. In the years 1969 through 1971, U.S**. ojl companies paid of the ord^r 
of 6 to 10 percent Gorjx)ratc income |:ax on their eajriings (Steinhart, 1974), 
compared to a level 6f about 42\pcrc6nt for all 'U.S.^ industry! Steinhart 5 
Steinhart estimate that this means thVit the average taxpayer paid extra taxes 
equal to about 20 percent of hisiye,ar\y energy costs (including .those used 
'ill the manufacture of goods >he piwhs^iase in order to underwrite this oil 
comp^^iy "subsidy." Were he not p^yiri^\ this sum in the form'of taxes, and . 
fuel prices were suf f ici'ently higher (bt^ver things /being equal) to 'cover t-h^ese 
taxes,, it is likely, he would .have used less aqergy rela,tive J:o his other needs; 
and desires. / \ ■ ' ^ ' ' ' '".^ '^ j' " 

^ In terms of the inVpac^t on demarad of including such costs, in production 
accounting, any or all of ' the exampJjes illustrate ,the potential for. future 
policy. It is importanlf to note the t it may, in the best i-nterests of soci^-V 
ety, not be wise to internalize all costs of a particular segment of the^..s'6ci-. 
ety. The extent to which policy shculd encourage or regulate/ such develop- * 
ments ifiust be infl^denc.ed by political and sociaj. considerat i^|{s~"ou>side of 
the question A)f_ ^decreasing; total deipand/ 




However, /it now seems clekr th it^ the/United States is, definitely tending 
towards "ful/1" cost accounting in i ts^- resc^rce^industries . We 'think that 
this trend 4vil 1 continue , that resource prices w^^ll rise relative to other 
segments /<^f the economy, and tha| coilsequentl^y there will be (;:ontinued pres^ % 
sure tov/ards lowering per capita demand over what it might otherwise have be- 
come . /' ' ' I \ i 

. ■ . . V V" " 

TfiE ROLE or prj(;e5 in materials use 

^ . ■ ', ■ ■ _ ■ ^ 

The role of price changes {'ot energy poses complicated conceptual and 
measurement protxlems , stemming both from interre^latibns amoTi.g:^he different 
kinds . of enepgy -witk their dif fejtent jsupply problems (soM^, li^id' gas, nu- 
clear) and from the limited inputs ofv, energy into mo^J&^oods 'and the inter- 
'medlate (vs. final) nature of these g©ods. A not^blfe relative decjline in 
reai energy prices in recent years (1966 ^'o 1973*^ seems to have spurred 
larger energy use than income change in the^^S, would in itself /Lndicate 
(s^e Chapter XIII) . 

^ A number of recent analyses of^tlils problem conclude .^at. demand for 
/total energy is 4)rice sensitive (Edtnonson, 1974). Price^ elasticity is' in the 
^ ran^e of' -0.4 to -0.5--a range itndt includes plausible distributions) be- 
tween long and short-run effeats^of pi:i(^e changes. This means that a price 
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increas^ of 10 percent would lead to a >irop. in demand of abcjut 4 to 5 percent. 
The specific calculation for 1985 st^wedi that with the price level of total 
energy 57 percent above the pi-ices of otitpr goods (the base relationship is 
' the price ratio in 1968) and if real GNP \ncreascs by 4. 3^percent annually 
as ^iuggested by the Council of Economic AdVisors in 1971, and if population 
gi*ows -according to Ce'nsus Projection D (mad\ in 1970) , to*al energy consiimp- 
tion will be 43 percent higher^ in 1985 than \n 1968, „ This contrasts with 
results from the same •analysi.s of energy consumption . 76 percent above the 
1968 level if all assumptions are the same ex(^pt. that real prices of total 
energy retain their 1968 relationships to otheF^oods. Thus, in this calctu- 
ilation a relative price increase of , 57 percent Vichieves decrease of sonic 
30 percentage 'poiats from the (Ji^manci to be' an'tiVipated without .the pricq in- 
crease. ^ - ■ '^"^ \ 

More substantiial signs of conservation, at Vieast partly attributable to 
the steep pi^ipe incf eases since 1969, have surfa^d during the recent energy 
crisis^. - Business Week reported on February 2, 1*^4 that the n^ion's Use of 
/^ele6'tricitj^. during the preceding three months had^been running 10 percent 
'below expectations on wh^ch capacity planning of i!kilities ^had been based. 
If--surprisingly to^ many practitioners in the f ifeln--higher prices for elec- 
tficiiy will cut deeply into demand, much of the pkjined additional capacity 
will not be needed if peak demand changes accordingly, ^.as is expected. 

It would be falUcious^ to estimate a composite \elasticity figure" from 
the various studies that have been made ^about the reaction of demand to price 
changes. The strength of response depends not only on\^the severity and 
recency of the, price change, but also on, the characteristics-of the particular 
situation, as defined by £he publi^c's awareness of the problem, its inter- 
pretation as a matter of collective vys . only individual (see the followi.ng . 
section) and the decision-ipakar (business or government vs. private house- 
holds).*' What has been observable recentl^y ds a vigorous adjustment of der, 
mand^,as both private and commercial users become more aware of the price of 
electricity. While between 1950 aM 1969 the price of energy fell sharply 
relative to all prices, tKis trend has been reversed in more recent years. 

POPULAR REACTIONS TO THE ENERGY CRISIS ^ - / 

. ' Two drastically discrepant types of reactions to the prica. increases and 
reduced avkilabilvLty of gasoline and other forms of energy can be identified 
under the conveni^t titles of "the competitive scenario and the .cooperative 
scenario The former -would be characterized by a conspicuous absence of 
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^Elasticity estimates range from between -.i and r.2 in the short run (meaning 
that .a 10 perce-nt inci^Vse in price will cut consumption by only 1 -or 2 per- 
cent) to long run reactions for commercial and industrial user^ii^-the -1.5 
range, (corresponding. to a 15 percent decrease in consumption in response'-- 
a 10 percent; price rise) .\ ^ ■ ^ " / - ^ 
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discretionary conscrvatLon--an dttempt to maintain or increase consumption, 
despite .slibstantial costs in money, time, or convenience. To achieve a de- 
C|i^ease in consumption, l ines would have to get long and/or prices to risev 
drastically. In the" cooperative scenario consumers would practice conser- 
vation in response to moddst changes in prices anh availability. Scenario 1 
would strengthen the case of the advocates of supply--oriented strategies; 
Scenario 2 would mean that private households are easily activated by both 
marl^et and nonmarket mechanisms? in favpr of conservation. 

The important question foj- policymakers, therefore, is'— which is the 
likely reaction? The indicative evidence provided by the response to the 
1973/74 energy crisis will be described in the following sequence: (a) to 
what extent has enei^gy conservation'' been practiced? are difficulties 

inter\preted as a personal or a societal problem? and (c) are solutions 
sought individual/competitive or collective/cooperative? , - • 

* • ■ " . t 

I'^om two different sources siyrvey data dealing with the experiences and 
reattidns of Americans during the recent energy crisis are available. There 
is first the Continuous .National Survqy conducted by the National Opinion - 
Research Center (NORC) in Chicago (Murray et al., 1974a and 1974b). This 
Instituij*^ ha-s interviewed a cross-section of about 170 American adults weekly, 
between November 23, 1973 and April 11, 1974. Second, the Survey Research ' 
Center (^RC) of the University of Michigan interviewed two sam|51es of dif- 
ferent ,si|e--both 'representative of American adults--with different question- 
naires in|^(5bruary 1974. The larger study was ^ telephone reinterview of 

.approximately 1,400 people. The small-er study was a personal reinterview of 

• approximatOjly 250 respondents . 

JVherea^^ only minority, had Actual ly ^experienced shortages by the end^Jljf 
1973,'" conservation at that point in tiime: had been nuA^jnore wjde spread "(NORcf)/ 
Sixteen percent o^ the respondents reported diff l^rtjlty^'in obtaining elec- - / 
tricity and only 3 persons out of the-106 heatin^HFuel usexs had problems f 
in obtaining heating *oil. .However, 59 percent of those haying a thermostat 
report adjusting it downward compared with last year, '75 percent that they 
have reduced ttieir lighting, and 27 percent that they^ run majo^r appliances 
less often. Fifty-five percent of ^e drivers reported less car use.'- ThesiS 
were answers to a question offering respondents a set of predetermined* choices 
for responses. The trend of these, findings is supported by answers to SRC's 
open-ended question ;in early 1974 , take,n\ when difficulties in' obtaining gaso- 
line reached tneir peak. - » . - - ' 

In answer 1 to the ^question : ' ' ' ^ 

'"Is there anything that you havedpne during the last 
fevy months to try to cut down on the amount ^ of Energy- 
you use?'' 

about 70 percenjt of respondents report havdng reduced driving> 49 percent 
temperature in their homes,' and 35 percent electricity con'sumption; 62 per- 
cent in the second . SRC ^ampl4(< report adjusting .their" thermostats downward. 
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Later otv, .trouble with gasoline was reported'' by a majority of c^r owners. 
Conservation behavior increased only insignificantly in frequency. - . , 

Conservation e^ctends almost evenly over the whole socioeconomic and age 
spectrum, this is also true for home temperature reduction although the \ 
reported aveifkge reduction compared to last year^is about onte degrefe fahx'en- 
heit more drastic for. familijes with incomes>of $^0,0t)0 yearly and over, that 
for those with incomes unde^ $8,000 yearly (Murlray and Minor ,^,.l'974b) . 
.. « ' .. ' ^ * • " 

It would be too narrow to view this Qonservational re^^ponse to shortages 
as primarily a form of price elasticity. The following. evidence suggests 
that the average American interprets the difficulties as a.matier for col- 
lective, rather than individual, concern; "**In response to a cjuestioo inq^uir- 
ing about the importance attached to the energy problem, NORC produces the ^ 
following estimates:^ most important, 26 percent; very important, 59 percenft; 
not a problem, 8 percent . yThis evaluation has been fairly 'stable between^ 
November. an^ April. The higher the " impo-rtance rating, the more likely is. 
conservation. For instance, cutting^down on driving is reported by 37 per- 
cent of those deeming it^'fairly important ,". 50 percent of those saying 
"very important," and 61 percent of those who believe it is "the most impor- 
tant problem in the country," The larger SRC-sample intervievyed in February 
identified 53 percent as considering the energy problem as serious, 22 per- 
cent as not serious, the rest falling in-between. (In explaining the dif- - 
ferencq, the question formulation' may have played a role as well a-s the 
timing: "serious" is a more extreme 'term than "important."*) From these data 
we conclude that there i^s a great deal of public awareness of and concern 
about the energy situation, extending far beyond the impact of the objective 
changes^ alone. Further evidence indicates tha^t the issue, besides being ^ 
taken seriously , -is inte'rpreted more frequently a$ a problem^ of "conservation 
than one- that, should be solved by ..Increasing the supply. In the smaller 
SRC survey the following quest ion 'was -asked : ' ^ 

"There have already been some shortages of ener'^ and 
'other resources in this country, and others are predicted 
for the future. In general, do you think mo'^t of these 
V -shortages can be avoided by new scientific discovexies , 
or will \Nfe have to learn' to' consume less?" ; > 

Thirty-five percent of the respondents believ.e shortages can be avoided by 
additional supply, 44 percent think we will have to learn to consuftie less,^ 
and 16 percent plead for both choices. Technology may help but we still will 
have to economize. — 

trust in others with whom one has to sha^je limited rsources-is the pre- 
condition for this cooperative"~soTution. The larger SRC survey contains ^ 
this question : / ^ 

"\f there is a shortage ,of gasoline, or heating fuel, or 
electricity--do you think most people will try to cut down 

■ ^' I 30? 



on how much they use, or do you think most people will 
use as much as they want to?" 

The vote of confidence in the wording of the second survey is considerably 
more demanding: ^ > , 

*- "If there is a limited supply of something, ^uch as gasoline 
or heating oil, do. you think most people can be trusted to 
take onlyjtheir fair share, or that m"ost people would take 
as much as they coulM get, or what?" ^ 

Seventy-four "percent in response to the first question expect- that most 
people will try to rerfuce consumpjtion . But "'only 29 percent, in reisponse to 
the second question, think that most people can be trusted^to -take only their 
fair share while 58 percent believe others will take 'as much. as they can get. 
Again, a -thorough analysis of the difference would^go beyond , the scope of 
this paper. What emerges is«a spirit of constructive pragmatism, a widely 
but not universally spread belief in the fellow citizens' responsible atti- 
tude toward conservation. ' - 

\ While there is soifie belief^ in the effectiveness of the cooperative model, 
additional, safeguarcis are needed where .cooperation does not suffice to over- 
come a criticial situation. In response to the" NORC qivipstion: ^ 

' "Do yoy think gasoline .rationing throughout the nation «i 
is necessary?" \ • " -..,1^^;.. 

between 10 and 40 percent of the 'respondents at various point'3^^^ i^he 6- 
month interval answered in the affirmative, with the highest prdportiond 
reached Novcmbcr--when the^ oil embargo hit unexjiectedly blit Iwas not yet 
cxperienced--and again in February--when gasoline lines were longest. Th.e 
somewhat more suggpstive SRC-^ question ' ' ^ , * . 

"If enoil.gti 'energx is not saved by voluntary actions, what^ * . 

do you* think should be done?", also asked in February, / <^ 

results in 6l percent of tlife sample mentioning gasoline rationing I And in 
response to tfie NORC question:' ' ' * ' ' 

■■ * '. - , ' ■ ■ . \ " ■ 

"What .three actiO|ns would you most like federal , state,, or ^ 
- local government to do ir^ order to cut fuel consumption?" 



ei§hty-one percent refer to . speed limits as at least one of the choices, 
followed in popularity by the improvement of mass transj^t (51 percent) , 
encouraging car pools (48 percent), and gasoline rationing^ (32 percent), 
with the relaxation of anti-pollution standards being mentioned by only 23 
percent of respondents. The preuference for rationing, then, is clearly con- 
tingent on the belief that a serious problem exists. In answer to the o 
question :^ ' ^ 

■ ' ■ BOB ■ , 
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V'Why do you think gasoline rationing is not- necessary 

seventy-five percent of ' those* respondents 'who think gasoline rationing is 
not necessary answered: * "There is no real shortage/V Only one-third of the 
critics of 'ra^tioning appear to be philosophically opposed to rationing 
(Murray and Minor, 1974b)." - ' 




. In summary, then,ythese re-sults suggest that raost Americans ,<-rather th(an 
trying to get more than others, want to be sure they get as much as the next 
fellow. Rationing and speee^ limits, in the absence of sufficient voluntary 
conservation, vyould be' accepted in 'the Interest of an equitable distribution 
of scarce resources. Should the market allocate- smoothly and efficiently, 
i.e., without steep price increase, this would be the preferred mechanism. 
Should this not'be the case, the market solution would not be considered 
equitable by most: people do'not want to see those who can afford it get by 
without ^ consuming less.'' If otherSj can 'purchase more and do >^^^^^^ere is less 
left for me, and I have to ]^ay more^for it. In return for seeing others 

' to accept limi- 
the motiva- 
igent -on the 

assurance that. the burden of Conservation^ is shared by all or most . Ratibn- 
ing, speed limits, etc., are recognized as mechanisms for achieving this ob- 
jective. To ignore people's notions of ^quity c^f en^ergy allocation and to 
rely/entirely on Vhe market or other alTocation^ mecftanisms of , d public 
acceptance would seriously endanger .the spirit of cooperation that emerges 
from the 'data presented. v^^^ ^ 

■ Let us then att/empt a generalization on the basis of incomplete data 
with insufficient temporal depth. The manifest signs of behavioral and . atti- ■ 
tudinal adjustment lead to the conclusion that vyelfare losses fxom conser- 
vatioH have so far been small. Very many Ainericans have come to realize that 
their use of energy has' been profligatq,; significant conservation can be 
achieved at a relatively minor price in terms „of convenience arid cpmfdrt. 
All in all the evidence strengthens the case for management of demand and , * 
points to. the considerable prospect of di^cretionar)^ conservation in the pri_y 
vate ^sector. . ^ ^ 

Yet we must go beyond ^stating that conservation is a possible behavipr 
pattern, and^ attempt to specify the conditions under which it is l.ikely to 
.be practiced. It must Be remembered that concern and awareness of a'problem^^^ 
often represent passing and temporary phenomena. - To the extent publicity and 
saliency have contributed to the impressive mobilization, will the behavioral 
changes persist after the energy problem' has vanished from the headlines^ 
While the energy and materials problem may dimijiish_i immediate saliency, rt 
is not likely that it will be solved in the near future. In this case, the 
spontaneous, -respectably strong adjustment observed during the past few months 
may well .indicate a pattern for the future. Since the most important con- 
servation decisions, involve consumer durables and are made rarely, adjustment 
takes time.-. As additional appliances come up for replacement, houses for 
sale, and as'th^ supply of consumer durables react? to; the new preferences. 
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more and more of the^ energy-expensive bfands and model^ can be ^expected to 
give way to the mor^i economicar one^ Furthermore, reinforcement of conser- 
vation behavior through the dif fusioa^focesses / social comparison and ^ 
finaTly social nprmation is time-consWing. The slow change frbfu the model 
3-4 child family of the fifties to the ;2-child family ^of the early ^venties 
comes to .mind' as an example. And fiaaily, the importance of a collective 
sense of trust and purpose must be ^reiterated. Individual conservation i^-v^ 
vastly more likely, if .and when it is perceived a's conforming to a commonly / 
shared set of values, ^oals, and behavior^ pattei^i 'More than other institu- 
tiens, the government is being charged ^by the people with the responsibility 
of articulating these values, setting/the goals, and seeing to it that con- 
servation is practiced by all.^ \ ^ 

■■ . ■ , ; ■" • ■ ■ ■ / - \ " ■ " . ; ^ 
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CHAPTER XVI- . 

U.S. CONSUMPTION PATTERNS AND FUTURE^DEMAND FOR ENERGY 



Do emerging personal- consump.tion patterns among Americans suggest that, 
derfraud for energy is likely- to continue' increasing at recent rates until the 
end ofShet ceni-ury? Although it Is Impossible for;tfs to provid^a definitive 
answer to^thiT question, it 'ia nonethele^ss* worth^pointirig out tMX not all 
trends in American Society favor increasirhg.^onsuilip:tion of^ material goods. 
Xn /effectT^ETie-American way of life may not ihvoJ^e an ^imijiutable 'commitment 
to consuming ever greater amounts of energy and miferaTs perKcapita; hence 
conservation, reduction ojf wastage and c^a slower (or zero Kra^e 6f growth bf 
consumption of energy and minerals will not necessarily involve serious \socio 
cultural shocks'. -In this chapter we shari discuss briefly some major social 
and economic trends that (a) suggest a ^shi ft 'q^ personal consumption^to tfy^ ^ 
service sector of our economy (a sector that we wiJ^lier^ assume to /be less' 
energy intensive than manufacturing) and (b)^ imply, b^i&|uie of .shortages of 
time, an upper' limit to the desire for consumption. 



^^.^ ^ INCREASED CONSUMPTION QF SERVICES RELATIVE TO GOODS 

This section explores two reasons for believing that Americans may^^ib- 
stantiaUV increase -their consumptioij of labor intensive services j^latiyeNx) 
goods over 1^,be next quarter of a century. One- reason relates to the prjce oi 
these serviced versus goods in our economy, and the other concerns changing 

tastes . . ' ' ' 

" - V ".. . » , , / # "... 

tn speakingxpf the servic^e sector of the economy, we aiXil^>.^ ^^^^^^^^S 
energy-intensive- parts, of^tha nongoods producing sector. That is, following 

'victor Fuchs in his'book The "Service Economy we^ are excluding transportation, 
communications, and public ^utilitiesXleaving as the service sector whole- 

^ sale and retail trade; finance, ihsurance,^ real estate, ^general governiftent , 
and the traditional services such as professional, personal, business, and 
repair^s^rvices. This sector is admittedly qu^te Ti'feterogeneous ; however 
Fuchs porh^s out that most of the industries/{ncluded are manned by white 
collar work^drs, are labor intensive^ deal o^J^h the ^consumer fairly directly;, 
and produce an intangible product. . Nevertheless, we m^st note -that although, 
it is generally agreed 'that the ^rvice sectc^r as defifted here is less- 
energy-intensive than manufacturing, transportation, ^communication^ and 
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public, utilities; research is badly needed. concerning how much less energy- 
intensive sefVices are. This' is especially true since there is a tendency^ 
for services to- become more highly capitalized and, hence, perhdps .more 
energy* consuming. - <t * * ' • ^ ' ^ ^ 

The^price of services .relative ^.to goods ra/y very wefl- go down oV(?r the 
next 25 years both because of* augmented pxodyttivity^ in the service area, 
and because^ the price ^of %6ods will be more /affected by increasing ehergy 
and materials cost^H than the price of servides^ ^ 

The service -sector r^ow employs well over half of the American labor 
force. V In contrast to ^the rapid growth of employment in services, the over- 
all 'contribution of thi^ sector to output hats been relatively, static, owing 
very substantially to lack of' technological innovation, traditional manage- 
ment practices, and the aj^sence of economies 'pf scale . As Fuch^ has shown, 
whether real output is measured in oonstant dpi lars , or 'current dollars , 
takir^g the p^eriod 1929' to 1965, the service sector's share d|'^ total GNP\ 
changed very^' little since 1929. The share -in constant dpi lars was almoit 
exactly\ the same in 1965 as ^in i929--48\3 as a^gainsi 48.4/ This contrasts 
sharply'with the shar^ o£ employment dri. the service sectot which rose^rom 
1^40 percent td 55 percent/ in the same period. 



'Thu^, according tO'^ Flfehs tthe,. rise in empl6ymen|: in services has not been 
a response to rapidly rising demand' fo;- services--due to ri-sijig" incomes and 
high income elasticity, lower prices of services, or changing^ tastes--but 
because of ''a dramatic difference .in sector ratios of change in;:QqtRut per 
man** between industry and the service Sector . As d consequence , - the -price of 
ser.yices relative to goods "hasVincxeased grehtly in American society,' ^giving v 
rise' to' tKe oft-mentioned '^scarcity** of services. \ 

_ . ■ ■ . ^ ' ■ ^ . / , •> • . 

. :A continuation of such trends seems very unlikely ii) view of existing, 
changes in some ilnport^nt aspects, of ithe s-ervice sector. XeaVing aside 
prospective technolog|:cal breakthroughs, the application of existing .tech- 
nology to major industries in thef s^ervice s emptor is already taking place, 
aided by structural reorganization making these industries more amen/ble to. 
the appdLication of advanced technologies and. economies Of sca^'e. Because 
many of these industries are increasingly, bein'g-^ financed out tax dollars, \. 
there is a biiilt-in political .pressure for^higher productivity and. "account- 
ability.** ' ^ ' . 

The pri«e effect of increased"* productivity in the service sector could be 
augmented' by the fact thatf the cost of producing gdpds may be more adversely 
affected by energy and materials shortages than the {'cost of producing, ser- 
vices. Thus , the pr^ice advantage that material good^ .hav,e* enjoyed cdrfipared 
to service^ in Jhe past* may ,be seriously undercut both\by a rise in the . 
productivity df seryices^ancl' 'an increase in the materials/energy cost of 
goods. • • ^ ' . ^ ^^-^ . ■ \'\.'-: -K ■. ■ ' ' ;\' ; 

, :r • . ■ / ■ \ . . ' . ■ T V. ■• ' " 

Regardless^of price cjianges, v&ili peoplX; want to consume more, services?^ 
There are some ^reasons for expecting- a sljift in tastei to the service sector: 
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the aging of the population, the .increased la"&or force parl^cipation of , . 
women, and changing symbols of consumption. We may cwsider each briefly'. 
• • - . '■• . . ' . " ■,■■.._„. , ~ 

Assuming a contin^iation of low fertility in keeping with the medii^m 
populatiofi projection of our report--268 million :by the ,year 2000, the 
American 'people wou4d' by that date be older than .in the current period. 
We would have a median«age of '34 in conl:rast -to a median age of 28 in, mo. 
Thirty-three percent of the population would b^-*Tf^h& economically depen- | 
dent category,' and^^of these dependents 33 percent would be aged 65 and over. 
J^y contrast, fn th?; United States .in 1970, 38 percent pf^the population was ^ 
in the dependent category, but- only 26, percent of this def)endency vTas made v 
,up of aged-persons'. Moreover, the population would be on its way to even 

• .greater aging as it reached a stationary stateearly in the twenty-first , 
century. " . ' " ' ■> 

A,bn balance, it would seem that this shift in the age^structure-bf the- 
dependency burden w&uld. entail increased demand. for services. This may , 
resuli iB ^art' because. the health and welfare needs of the aged are greater 

• t.ff4n-tihose of the young. -For example, .^s standards of health care rise, 
"they aippty more to the agfed than fhe young ^ince the young require less ■ 

attention to maintain health. An additional factor of importance leading to 
the exi)ansion>-of services consumed by older as against younger dependents ,is . 
that older. persons are decreasingly living in multi-generational family units 
and increasingly in retire;n,ent homes and the like. Children ai>e typically 
ltdused atnd cared for in families. " ■ , 

Another trend in American society, that suggests an increased demand^ 
for se"rvicfes is the greatly augmented labor fojce participation ,by American 
women. • Whereas between ];\;10 and 1940 approx.imately 25 percent of women of 
■working age were in the labor force, by 1970 this figure had increased to» 
over 40 percent^ .Mdreover, the largest iticrfeases.;have been among, married 
women with young children. , v ^ ' 



■ A consequence, of such changing rates and pattern s^f^ female work parti- 
cipation i9^ major loss within- thi househol'd of the services of v^ives and 
" mothers.' EA^n' taking into account that some of these . ser-uices are now re- , 
placed in 'the market by. the very women who would have offered thfem on a non- 
marl^et basis^in the .p?ist, and" that most women with families bear a .double 
burden" and attempt to keep.up with^their domestic tasks, we find ourselves^ 

■ constantly remarking on absolute gaps in service that have not yet been 
filled by no-rmal adjO^tive market mechanisms:, mal^eshift baby-sitting arrang 

■ ments, "lafchkey children and teenagej:s,, lonely and virtually unattended old 
•people, and the heavy workioad and responsibility borne by wives and m^athers 

in; the labor force'. '""""^ 7 . . \ - ■ . 

■ • - Although it se^ms upiikely that the public, sector will compensate 'for? 
this loss" it does seem prolrkble that more women will demand services, 
market If increasing proportions of women become earners, and partxpu^^ 
if women break out of the traditionally low paid women's occupations, tl*^e 

' seems to be a major potential for increase in' s^erviees that will help wpmen 
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retain a desired kinshii:) status with^)ut sacrificing their j^bs ,6r vi^^tually 
all of their leisure time. For exayiple,.^. it seems incopceivable- that thV^' ' ' * 
trend in labor forc.e participation imong;' women with ybun^ children Wili con^. " 
tinue without gi\Aing rise »to a larger nejtwork of, private professio^rta^-nui^^^ >*> 
series aT^d child-care cejiters. ^ . ^ ' ■'. 

« ' • V ' ' • r 

: Finally, we^^iiight^postulate a majbr .shift of symbolic ^and - invidious co^ 
sumption from goods to servid'es. It hj^s long been recognized . that much of * 
Americag.^ purchasing behavior is- conditioned by a desir^ to iise gobd^s;, in 
varying manners and'to varying degrees , as^ status symbols. Now however,^ 

, increasing educational attainment is widening the range of, alternative cori-"" 
^umption*s>smbols . " Molrqover, wif h^ goods widely, available" ip t/h^ society, peo- ^ v 
pie desire consumptioTj symbols that eOcTiress' their unique claim to superi# - 

- ^^.i^/'-.-'^XPically symb.als .that reqaire the consumer to exert" time , effort and 

-^talent iruprder to acquire them, "thus status ditfere-ntiation' is increasingly, 
refcjuiri^ng^the consumption ;of services rather than gopds--services ,relatin^^ ^V '.- 
to health,- grooming, athretic-, artistic' ^nd ringuistic skill^r/ iourii^gt tastes, 
variovs^l<incf^ of particular infprmation/area?, and the li^e. PtK:}^t:s. of > - 

/enterprise in the service sector;;havef already rd'sppn^ed e 

-;\.the 'Jb^ incfustr)^ being perhaps one of rth"^;best e^^^ 

' possible tb, conceive »of a boom in the competlUve consumption of^serviQes ^' ^ 
at the private leyel--a boom wfiich- could greatly divert consumption^ frqm the ' 
energy-intensive goods that we have been using so lavishly to symbolize 
status . ^ \ ' \ ^ ' ^. 



TIME CONSTRAINTS ON CONSUMPTI'olj ■ ' ' ' - . • 

all human bei-ngs. time is j^n^uito^fiate cohstraint. ' However, the. more 

- spcietips move towaq^d -a .eash ne^u^ 'a|/d*-tV more prosperoys^ pn a per capita ^ ^ 
basis they bedome, the mo|re are individuals subjectively i^npelled to put a 

■ mai'ket value on all )>.f their time.*\They cpmeNto assess their iiohmarket acti\J- . 
ittes in terms :of their opportunity costs--the '"market 'Vorth'* of their ^time, • 

. .^i^d.^o place" hi^h value on hai^essing forms of" energy that net them''»^tra»»- 
time-.-mechanized laborLsaVing devicQg and the like. ^ Nonetheless, there is 
a .limit to our ability tc^ harness noiihuman energy without personal efficiency 
losses. Our-iabor »^ssn/4^g»» devices require maiiitenance^,. -repair, and storage. 
Moreover, frequently th^y tempt us/to augment the sca4e or comple)city Qf ,(^r ' 
mode of life, because- tlieir use is more efficie^^t .if attempted on a iarger' ^ 

/scale. In this manner, it is not difficjilt for indivicluals to suffer a 
rapid displacement of goals — they speT]d, increasing amounts ^of time 'i^nvolwd - 
in the cpmpulsions of a system (^f activities th^t they originally, embarlced' on 
for purposes of saving time. -r * - - . ' ' 

Equally^ the enjoyment 6f Material possession.-^-for exarapie, boats, skis, 
^/second homes,-as v^ll as the consum^ption of services, require ^personal' 
inputs of time .', Because of the^ hig^ value that indivi'duafs place on <heir 
time, theyt are tempted to try to do many enjoyable things simultaneously. :v . 
As Stephen -linder has poihted out in his imaginative bo.ok The Harried Leisure 
Class , this effort ca^ get to be more^ike work than fun. ' ~~ 
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• . lliohly industrialized; socicties'^throughout the world have :i.n the past 
docadc|-becn reacting against 'thi'st^brcalled enslavement to market activity, 
mechanisation, harried ruslnng. and- material possessions . This revulsion 
would seem to be a stage' in a learning process whereby, human , beings come to 
terms with the wholly new definitions of time that modernization has created. 
It would appear that the process of mature Industrialization is impelling 
individuals fo metabolize the advantages of modernization into an organized 
hierarchy af life-stylp priorities, and thctt ttris, process is .engendering a . 
■'set of self-imposed, limits, to consumption, to many peoT^ it just .seems 
Lre pleasant to lead a less complex Existence than to/^vaii themselves ^f 
all possible- "advantages." ^ . , 

Although this trend is difficult to measure quantitatively, there are 
siRrtificant indications of changes in tastps that are "simplifying m. their 
content Blue jeans, once the badge of hippiedom. today make up a si^niti- 
can proportion' of the cV.iyti.me wardrobes of even the "squarest" teenage girls. 
The steadfast loyalty of modern Iwomen to sportsv^ear (interchangeable "sepa- 
r tes" Tither than dresses Ind complicated "outfits" suited to limited times, 
ptaces [and sea on.s) has kf-^ivAy closed down many a large garment business 
ii the'|jnited States. as,wep:as virtually wrecking haute couture in France. 

ith\experience. people in highly industrialized 



cpuntriU are learning^o^rp Ue _ ti% consumption in a -"^ed order a ong 



sum. it seems " ai jl'f 



with other ways of spending It hejr t^c: This lea-rni-ng process ..seems to be 
setting* an uZlv limit' to thVir tastLfor expensive material consumption and.^ 
makes it highly precarious tS believe\that th.y will wish tcf go on consuming 
indefinitely at an increasing rate. 
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CHAPTER XVII ' 



DHSIGN AND USE OF PROJECTIONS FOR POLICY 



FORECASTS AS INSTRUMENTS FOR POLICY 

' As discussed -above, many existing forecasts are of weak numerical relia- 
bility/ More importantly, they dojnot make explicit, the implied conditions 
or the scenario to which they app\l5| hence they are of limited usefulness to • 
guid^e policy. For i>plicy use, pro\jections should be conditional telling how 
the rates of use woiild vary under different policies and circumstances. 

The value of existing forecasts is their donsensus that at present rates^ 
of increase -tHfe »'use''- Will exceed the supply energy. Of course, in reality 
the rate_p/„ consumption c supply, so that .this contra- 

diction in their projections means that', it'^efiseV anU w 

are to be avoided, there is n^ed to broaden and' deepen the sources of supply 
and, at the same time,\o determine modes of adjustm'ent in rates of use which 
are consistent^ with sqcial objectives of equity, efficiency, quality of life, 
and environmental integrity., Existimg forecasts, then, indicate^the likeli^* 
hood of the need to restrain use just as well as a need to increase supply. 

Since precise, fully articulated, accurate conditional fcKtecasXs are not 
scientifically, possij^le, forecasts which" are Useful for policySmust beacon-' 
structed to answer particular ^estion$ in terms of their variaEKles, th^ir 
stated relations, and tTieir time scale. In simple terms, the need is not for 
an ultimate projection, but for a set of c6nditional projections dij^fering 
among the considerations undertaken and the- time-span considered - • 

LONG-TERM FORECAST INGt-THE STATE OF THE ART' ^ 

At present there are two strains of modeling in long-range forecasting 
both highly aggregated so that they may he^ciined^^^^^ 

to macro-economics. The first of these might be termed econometric modeling ^* 
ana accounts-, for the vast majority 'of forecasts. *The' other, ofrwhich"there ' 
are fewer .instances, mi^ht be termed physical^imulation modeling, '»Syst,em 
Dynamics" models, such as those sponsdredbylthe Club of Rome, are instances 
of this approach. . \ ' ' 
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The physical simulation models have received considerable public notice, 
and have' been mufh -criticized by the scholarly community, on the grounds of 
omission of important relations and weak factual bases. However, these models 
embody some interesting advances in modeling techniques and introduce a 
greater concern for physical and environmental interdependencies than do 
econometric models. Sonle of their more useful features may in time be^recon- 
ciled with the more established econometric approach, Jpoth in terms of the 
numerical analysis of dynamic processes and of- the consideration of physical 
relations. " > ^ 

Econometric, modeling is a widely practiced activity iu many areas of 
forecasting and policy analysis. Energy studies have remained' an underde- 
veloped provinc/ within this technicg'l approach. Until recently, for in- 
stance, there, 4re no estimates of the price.-elasticity of the demand for 
gasoline, and the few recent estimates are-crude and tentative . Further, 
-there appears to be little exploration of income elasticities, cross-elasti- 
cities W technical' rates of substitution, of the characteristics of derived 
demind or of" identification "of the set of functional variables." 

-A-n ideal forecasting instrument would consist-of a large number of 'care- 
fully calibrated numerical relations representing well -understood individual 
•and 'institutional behavior, technical factors and advances, physical, and 
biological relations,- and the responses^ to policy alternatives, A model suc^ 
as this woald ideally be linked* to a comparable model for supply or prqdut?- 
\tic^;-..which^wQUld teU .u,s,:^at is, possible and Jiow it is possible . .Any^f ore- 
cast of demand (use) will depend on assumptions aBout sbpply, whether^th^.:?^ 
are made explicit 'or ^ncn ." Commrs^ly, sCIppiy w^U tK9 a . considerable degree 
"depend upon demand. (if^Qcr^^ng scarcity prpduces higher prices and public 
action, -supply will expand in many ways, including the exploitation of re- 
sources previously too 'expensive and the development of new sourees through 

investment in scierice. \ 
" . , . - ■ -\ ' 

But the"* vision of such an (!laborate forecasting system is patently be- 
yond the capacity of q^t present theory of facts . '\Given ou'r present level 
of knowledge, understanding of variables and their Interdependence, and un- , 
reliability of da^ta, it must be judged that-any attest to construct such_an 
elaborate model ^^ould fail. A iiicto-model which tri-ed to/nclude a great 
many variables might be no bett.jr and perhaps worse -than prese>it macro-fore- 
\ casting models, however crude. ' 



For all of that, the devel 



\ 



pment of such models is well- worth under-: 



taking, recognizing-that it will be a slow and expensive \process ' involving 
many failures as the cost of soiie successes,. In this respect, the develop- 
ment of such models would be comparable to -other forms of capital irtvestment 
in the^energy field, being, slow to bVing into line, expensive^ and involving 
intelligent risk-taking. Howe.^er, well before such models could be used with 
confidence for numericll prediction, they should be extremely useful to , help 
in the understanding of tHe complex interdependencies of the energy system, 
in^brief ■then,^it is not realistic to expect dependable long-run modeling 
for many years, but it seems advjisable to begin sub.stantial investment in 
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this typiD of'^modeling, pnef.erably initiated simul ta>€ious.ly with diffqtent ' 
scholars in multiple institutions, recognizing tlvat tfre payoffs will be 
gradual and developmental, • 

• ■ 

THG DILEMMA QF FORECASTS:' THE NEED FOR POLICY FORECASTS 

The.miirket, as an automatic s^elf-adjusting mechanism, functions best in 
situations when the rates of adjustment to change are relatively fast, or 
when there ishigh predictability or reliable forecasts of the longer'term 
future. ' Neither obtain in the case of energy; hence the need for public ^ 
. policy and intervention.* There are long> lags in response. , On the supply 
side, bringing^ in additional capacity within existing technologies or bringing 
in new technotogies are very slow processes. Less often recognized, there. ' 
arc long, Jags oh the demand side ^as well, involving, the turnover or r/odifica- 
tion of vast stocks of capital in housing, transportation, and industrial in- 
stallations. Coupled with these slow rares of adaptive response, there is 
the patent difficulty of reliable long-range forecasting which has been disr 
cursed. The dilemma is that. we need to see ahead, but that we do not know \. 
how. *^ . - 

The way to proceed In the face of this dilemm^ is not, as is sometimes 
done, to pretend , that the problem does not exist, -either by relying pn ^auto- 
matic self -correcting Market processes oi: -by"^ p^^ that projections can 

be'made of a transparency and accuracy y{\ich are clearly beyond present scien- 
t-jj^ic capacity. To apply' the Best intelligence^ within the constraints^^of: 
reality., it is. necessary to understand better the uses and possibilities of 
demand projections. • . /, . ■ - 

The immediate need is for the development of \:apacity to do short- and 
, medium-range policy projections. Such projectipns mu$t recognize that any ^ 
possible future is conditional upon a host of circumstances, ranging from 
the structure of nature to historical accident, and including the policie^^ 
chosen. At t.he same time, since precise,, fully ai^ticulated, accurate condi- 
tional, forecasts are not feasible, there i-s need in policy formulation for' a 
series of partial forecasts constructed 'to answer particular questions.^ The 
variables, the specif ied relations , and the time-gcale will depend upon the 
purp6se: In the most sophisticated ones\, -^the probability distributions of 
costs and benefits will be considered for choosing policies . 

- . ' f • . ^ 

It mu^st be recognized that there is today little competence and informa- 
tional infrastructure for these policies with respect to energy questions. 
"^But there are a large number, of technical approac'hes developed for other/ 
policy fields whivch can be transferred . The need,\then, is to begin invest^' . 
ment.^^ research^ a^nB .application, in development of ^technical : personnel , and 
in institutional* de^^lopment of public agencies for J^e -intelligent use of 
these projections. 

' These short- and m\dium-term forecasts, like ^long-range forecasts, rpust 
be frequently revised, .^n the. light of new data o'r new undersfanding of 
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relations. Too often outdated forecasts become fossilized, and are quoted 
without reexamination ."Whereas lohg-run forecasts serve to point^t'o prob- 
aile distant outcomes, short- and medium-term forecasts ar^ used to modulate 
policy responses, responding to retent information and to the feedback from 
prior policies. Thus, long-run forecasts serve as an uncertain navigatot, 
while short- ahd medium-term ones $U!;iction as^he steersman . 



SIDE EBFECTS AND PUBLIC PARTICIPATION 

It" must< be stressed that conditional forecasts must be particularly 
concerned with possible side effects of policy or of changing circumstances, 
as well as with the direct effects. For instance^ a doubling of gasoline 
prices may lead to, a given reduction in energy consumption. Bufit may h^ve ^ 
important secondary consequences, such as a subs.tantial sudden ^fo^s in value 
of suburban property,/ or the going under of many family farms- that, depend on 
long-dist^nc^c commuting to jobs in manufacturing for supplementary income. 
Such shocks and stresses may be more important . than the^ eventual form of the 
adjustmefTt, not only because of national concern with equity, but also bp- 
cause, as was demonstrated vduring the 1973-1974 energ;;^ crisis, those who feel, 
themselves-disporportionately affected may express th(fcir grievances^ in foTnis 
highly disruptive to the society." , / - 

{The low capacity of technical planning to anticipate these distributive 
effe'cts, * and the fact that many problems in .equity are jiot subject . to tech- 
nical .solution ,0;'^a4^ to two conclusions, /irst, that the process and; findings 
of technical anal yVi3 must '^'made'^Vs Intelligib'le'an* widely^ avattable-as 
possible, so that diverse sectors of the public and the ^onomy may under- > • 
stand and judglfe prospective impacl^ on themselves and make themselves heard ^" 
in the democratic process. Second, that since the issues and; consequences ^ 
3LXe novel, efforts shoald be made to facilitate such participation by sectors 
of the public and the? economy in^the-lnterest both of . supplementing the 
limited capacity of technical Analysis and of provj^ding a forum for the neces- 
\sary transactions and compromises among these sectors. This will ^require such 
Instraments as hearings, advisory commissions, and coordinative councils of 
inWest groups, and may require new re^oui|ces ,of political and legislative 
inventiveness. The alternat.ive may I'ead to acrimony, divisive conflict and ;^ , 
disrupHpn, anci functional vetoes and possible threads/ to the civil order. . 
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CHAPTER^XVIII 
CONCbUSIONS AND RECOMMENDATIONS ,\ 



, * As discussed at some length above, >.we conclude that the demand projeQ^ 
tiohs forming the basis f6r current empHasis :oa la^ge increases'* ixn- energy 
supply are likely to be much too high for condit^m^ that mighf^ be expected 
during the next 25 years. This stems from-^the commitrtqe ' s' f inding^,^ recently 
supported by others (Chapman and Mount, 1974) that" these'-^ppular demand pro- * 
jectibns are 'exaggerate(^ by assumptions concerning the continued cheapness of 
^enetgy and minerals that seem unrealistic for the foreseeable future. Be- 
cause of the many shortcomings of .current forecasting data and te^cliiriques , we 
are not able to quantif)/ how much too high these forecasts may be. 




^ >i»9Th«r Demand ^'Pa*nel '>s. "overpiding conc.lusi^>i«^-^hat aJ.i-out.^ffpi:ts to\ in- 
crease supplies of fue.1 (and minerals) in order to tlos'e the gap between 
popular demand and supply projections are misguided'; and will place, an un-^ 
necessary hardship on the natdbn'. A policy that forces the nation to under- 
:take -extremely rapid ..dev-elopmerit of known energy ^'ources in order to match 
demand projections that have been based on price trends that appear uhreal- 
istic for the future can also generate the demand (^r example by 'keeping 
prices- artificially low through .^ub^idies) to us6 the supply. In this sense 
the demand projections can become self-fulfilling. We l^elieve' t,hat policy 
should not abet this, outcome , without grave cdnsideration of the various 
costs involved. 'In view of the findings &£ othq,r panels ^hat supplies for 
the long-run are limited; that technology can provide only^imited solutions, 
involving long lead„ times for their implementation j that groW^th in use of 
materials' and energy Is causing crucial environmental probl-ems; this panel 
"believes that policy shoul^,.^ppprt social trends tending toward^a lesser 
rate of consumption^,j5#^nergy and minerals, incorporate the long-term re- ' 
placemeritycosts c^^ externalities involved in extra'c^tion apd /use, an^ actively 
augment measures designed to curtail wastage insofar as, these cannot be ^effi- 
ciently^handled by the price mechanism. Such a policy would^ b^ aoi^ essential ' 
an^cipatory measureto^^evcFfvf the disruptive adjustment processes, likely to 
: rejsult from shox^--faTl of supply. ' • 
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RECOMMENDATION? 



T^seavdh.. and- Information 

I. Means 'should, he taien to improve and rleq uir^ys- 
te matio aolleotion and analysis o fHnfo^ation, and to 
.i mplement a more effective orQaniz at%on of government to 
make use of, this information in order to antzazpate aontra- 
r^inti ons\between rates of use and supply : mee% funatzons 
should noi^ be limited to agencies wtth-in the exeautzve 
branch . of the Federal Govemrrlent, but ef forts: such as the 
current survey commissioned by the Congress^on■al. Offzce of 
Technology Assessment, sJwuld be ■ supported and augmented as 
a basis' for further effort in. this ar^a.^ 

2 Greater technical ability shoul d be.' developed to 
make-better us e- of data and information in conditional a nd 
pnllnu f ^veca stina,. particularly short- an d m ediu r ij- range . , 
Tmnortant asp ects Would include co ns^derat^on of dlterna-^ 
tLe c ivcwn&tances. policy options, and their dvr ect and vn- 
^-f.yent so cial and economic effect_s_ . This mil- ^&qu^re the ■ 
development of institutional capacity to generate and use < 
poUoy forecasts, and substantial investment ^n appHed ^ 
so^al science research in appropriate instztuttons to de- 
veW^ the needed techniques. . 

J : ^' .. 

' Policy Recommendation^ 

\ \ < - ' • 

2 ' To. the degree possible, policies to mod zfy ds- 

mand sh oumri>e" designed to fun ction through, the .market 
'^enhnni sm rather ^h&..throuah direct governmen tal ^on:^ 
thols and al locations ^^Thp reliance on tne market re- 
auires policies which m^ove its functioning ^n terms\ 
of supply-prices which filly -reflect costs and ^n terms \ 
of improving the irtformaiion on which dec^s^ons are rnade \ 
More specifically: ( n ) ^ Legislation and regulatzon should -\ 
>..^ J-f.rjr,ed so that .supply p rices fully reflect produc- 
^^^^ ^Jl^^^ rp^^g ^ig^t include taxes or szde payments- 
which brin g the odsts now hHng imposed on others wzthout 
compensation .wit}vtn the pro^i^cer 's accountzng. It myht^, 
also include exploitation taxes which effect wouLd , , 

bririg the discount rate of the market, on ^ch producers 
base their decisions, move closely into l.^ne-w^th th»^ 
social rate of discount ji^n balancing the znterests of 
present^-vSrsus future levels of consumptzon, SuQl^^ 
measures Would reduce rates of consumption by making . 
■ users pay the full social costs of productzoTr^ (b) U 
should be ^required that energy -consumzn g p roducts such 
as :buildings.^automob^Les, .or appliances, carry when sold, 
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clear information as to their ^rat^s -of ^ Qonsumption^ - effi- 
ciency,, and other pertinent information relating to operating . 
^osts, so that cpnsumers may make decis^ioHs ba^^ed on iotal 
costs gather than on first costs. Informed consmers\)ould 
waste less. ' • ■ « ' 

\ ' Compensatox*y programs and phlici^s, and, the neces- 

sary legislative and administrative bdisis^ should be v'f'epared 
and held in readiness to assist those' par tipularly hurt by 
■ 4» sU4den transitions J particularly tho3e arising from public 

^oligiiJ ^ Those affected might ^ include geographic- districts^ . 
. industriq^l and commercial sectors^ or workers who are laid 
^ • . . off or experience substantial loss of reaV income because 

of higher - commuting heating^ and food. costs. The logic of 

■ this recommendation "is similar to that of disaster relief , 
programs . . 

^- XlH' elements of Federal legislation and regula- . ■ , . 
tion should be reexajnined to assess their ■ implicit effects 
on energy consumption. For instance^ agricultural 'policies 
which restrict planted acreage promote the u^e of machinery' 
and fertilizers; , the- income-- tax deductibility of home-^owners ' 
property tax and mor gage interest payment' contrasted with 
the non^deductibility of rents ^ encourage low^density urban 
\ patterns which greatly increase the use. of the private auto- 
■ mobile. Sy.ch policies^ not directly aimed at energu 'or \ rer- 
^- sow^^G';' should tdke tho'Be indirect consequen&es'^'inip ^%on- 
^ sideration.y * ^ ^ 

^ ^- Through education], publicity^ and example^ those 
habits and attitudes sometimes called a "conservation ethic" 
should be encouraged . Although there is a diver^sity of 
opinion as to the likeHhood'-of maj'or changes^ experience " 
in areas such as .public health and, traffic safety suggests 

■ that some effects are possible. . . ' v 

5.^ There is a strong possibility t^t there will occur 
from, time to time "crises" in which a sudden sharp short- falV 
of supply result^ in severe dislocations without there being 
time for the , smooth functioning of the market processes of 
adjustment. In .such cases direct regulation^ control^ alio- 
catiort^nd rationing my be necessary. Insofar as such crises 
cannot be.' sufficiently r anticipated by earlier recommendations^ 
\j> there should be developed and held jn readiness a contingency 

' sqt of programs and policies^ together with the necessary 
^ - legal dn(l .administrative mechanic . These should be con- 
tinually ^'r^iewed and^ updated in the ligAt of ■ information , . 
gazned (see^ Research & Information Recommendations 1.2). 
Particularly-^ there is need to have in readiness a flexible 
^response for those particularly hurt (see Policy Recommendation 2), 
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Such compensatory and assistance programs are^ ^^f/^* .• 
for. equity reasons, but quite importantly ^n order to avp^d^ the 
rendinq of the social fabric of which there was^ \/^^^*f . 
tlTv7olence and disaffection whieh accompanied- the rather br^ef 
l9?3-'74 energy crisis. ' _ " . 



^^erc^se j. i^j. u^ .*^'^*^ ^ ■ - — „ — 

to y^^^--7.--thn t could exceed requirements , - Tast ^ ^xperxence 
suqqests.thaP increased consumpUon can^ e ^induced when excess 
suZlies are available. This would cause increased degradat^on 
of t}i environment and washed me of capital, manpower, and other 
.%Znal ass,ts-assdts that the Nation may well hqve greater 
needs for in the future. ■ 



Recommendation on Supply Policy ■ « 

restraint in all-out efforts to increase supply 
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REPORT OF PANEL ON DEMAND FOR FUEL AND MINERAL RESOURCES: . A MINORITY VIEW 
. VVilfred Malenfctaum, University of Pehn^ylvatiia > 



4Vhy a Minority Dissent? 



This p*ane]^-onJMemand»'---is j^onderned with miherals^x use (beiaefit ; gain) ; 
the other panels^-.on ''enviro.nmen-(;'» ^»;resourGe\ ass^ 

emphasize sisipply (cost, pain). The^mportance of close interaction and inte- 
gration of ,the demand side with the supply side is, explicitly i:ecognized ih 
^he Charge to the Panel .- COMRATE sought a^ balanced analysis of - the U.S. 
minerals; position in contrast to the usual analysis with primary emphasis 
upon the forces of supply. " , ■ ^ / 

' ' ' .* . ■/ ■ ■ . f 

Thj,s' Minority View holds that the Report * fail/^.to off^r a scientifically 
valid analysis of minerals demand. Tl^e Report u$e3 £1 conceptual "framework 
pot suitable for assessing the benefits -and gains/from the use of primary 
inputs. Without this, approach, t}^ Report can make, no . contribution on dert^nd. 
Its demand arguments 'are,, romantic , not scientif/c, its- Qonclusions on d^eman^V; 
are not deriyed from valid hypotheses or statistical relationships.- The ' ' 
^'^PQ^^ offers its ^'overriding-"^ conclusions on . 4 hew dfemand role in national 
policy and action This \is an important objective; it is disserved by the 
technical inadequacy of the^ Report's treatment of demand. ~ ' . 

. ■• ' ^ P ^ ■ ■ ■ ■ ' : ■ 

In broader vein, the present. Report deprives NAS and. COMRATE of /the op- 
portunity to cons^ider integrated and -balanced views of the U.S. ^ergy/min- 
erals position, and of|the policies and programs that might best serve energy/ 
minerals in the U.,S. and the world. ^ 

Demand jbpr Energy/Minerals ' ^ . 

Essentially all^'energy/minerals demand arises because these resouxeeg 
are basic inputs in ,the- final' goods and services a natibn desire^^r Tfies^ 
^inputs, are used up in product., in power, in transp^rtv- Change^^ iV the de~ , 
mand for these ravy. materials thus tend to be cl9^'ely associated with, changes 
in national product.' l^hat about^^ (real) price ^^hanges .iif^th^se inputs? Such 
price changes ^tend to have, ^limited influence ^oh the"-ainount of energy/miner^ 



'^Here^fter "Report^^ means this Panel ^ s Repo rt . 



used because in. practically kll cases the co^st of these inputs is small com- 
pared to th6 cost of the final goods and 'services people, want to buy. 

^ ■ ^ . . • ■• ■ . ■;■ ^ 

Income elasticities for energy/mifnerals are straightforward inx^concejpt 
and in measurement. P2:^ice plasticities are neither, a consequence essentially" 
of the dejfived /nature of energy/minerals demand*^ Re^cent estimates for total 
energy' irSthe U . S . suggest long-term 'elasticitie's'^'of about unity ^1,0) for 
inpome and of abqut (-) (0\^5)" for price. Increases of 50 percent in the 
reiativ^e price of' energy over^a^decade or so might thus be accompanied by a 
12.5 percent declin'e in cjiergy use^ . Real natiqnal income growth^of 50 per- ^ 
cent over\ that decade, ^would in i^s^if tend to generate a corresponding in- 
xtease (50 percent) • in^ ene,i^gy tf^^^^^^^ With bot^h price and income, increases , 
energy demand would expand by more than 30 percent. ^ ^ ^ 

These round numbers are' illustrative,' but the point, on the predoiftinant ^ 
role of income change in. use of energy/mineral s is yalid: it reflects the ; 
strength -of .a- fundamental technical input relationship. ' The relatively 
smaller imtortance of price changes is^also valid: it arises from the derived 
nature of the demand for energy/minerals. _ .y 



■ The hisjorical record of energy* consumption in the U.S. provides ready 
evi^dence of the^ole of incojie in this growth. For the half century to '1970 
■for example, annual'-data reveal the high correlation of these two measured. 
The regression coefficTeiTt ^ias high statistical reliability, '•whether total 
consumption levels or changes these levels 'ar.e analyzed: That consumption 

'not associated with iricome, lev^e^-^^f^r -change) is, readily studied through the 
intensity>of-use conce^pt-.-7this is t^^^amoufVt of energy used per unit of real. 

■ GNP : ObviDQs'ly -energy ^u^6 . (or c.hangfe itKuse) .is the product^^f GNP (or^ change 
ir\^GNP) and' the. a^ropriate intensity .**^^ _ A . 

Inrensity of use shifts because <^f. -Substitution of inputs, especially as^ 
a result of" technological change in producing different kinds of energy and 
#n different ways of using energy :and as a result of price change, and because 
. ofNhanging -composition of people's demands- -tha,t is, of the changing struc- 
ture of GNP. .... -. , . * 

*The discus'siorv will hereafter /fox:us on energy, although the '.argument essen-. 
tially pertains" to both energy and minerals. The Report is primarily cqff- 
cerned with energy. ' ""-^/^ , / , 

)f population as an explanatory variable has 1 ittle 'support in th.e ac- 
' record (nor, as indicated below, iji the logic of consumption change), 
io significant regression coefficients for a po))ulation vai-iable are , 
[ne/in the stati.stical analysis, whether the_^-easuref of population 
^.^..^e^tself is correlated with change in Energy consumption or whether 
population and income variables are used together in the analysis of energy 
consumption. , 
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Historical experience and theoretical considerations support the exis- 
tence of^ fairly general patterns of intensity change.* .For energy (an 
most minerals) the;U.S. .pKl other rich jjffld^- shov>r \deqlining intensiti^^^ " 
such nations tend 'io use less en^^^^gy-per^trnTt "of GNP J^Ls G^JP per xapita •in-^ 
cf*eases": Study of GNP change and intensity change thus permit identiflfe^r 
tion of the causal 'factors in changes of total energy i4se. Both componeKf^^^^ 
GNP and intensity^-are readily measured for , past periods , Both ^ recbg- 
nizecj bpU^es of di-sciplinary doctrine. . ' \ .. * . ; 

They are thus powerful tools for any process 6^ projecting future ile^t 
mand. _The^han^ge-in the level of GNP focuses oh" the 'amount of energy/ \ %■ r 
minerals that must be used up. Changing intensity leyelsrefleej:^^ 
decisions on relative gains and costs fr^m energy use/, given, altern^ftive in-^^;, 
•puts, and products, methods, prices.. Together, these tWo^combonerit can 
illuminate energy use. - - \ ' v - *: 




Demand Analysis in the Report 

' " ■ ,■..<' ' •• _ \ ... \ \ : ■ • ^A-/"^ ■ . ■ . . 

' These tpojs "suit theory and factj Uhey provide-thp .framew.otk for most ^ 
demand proj eJ>^ions. But the Report ^akfes a completely different course. Its 
a^^ilx^ic Tr^ework treats changes in energy 'use as the product chang.es' i^i 
population and per capita .energy corisumption, , Again^ there is- the convenience 
^ of two components t%at exhaust the total (as do incomg and intensity) 7 " Here^ 
however neither component hqAjthepretical {ryqr ev^n logical) attributes for^ 
^a,nalysis of enetgy/minerals ffemand\ Thus 70 percent of tl^eSt world ' s' popul^- 
. t:ion uses less than 14 percent of the- world ' s er4rgy/ - Between 1951-55 'anjd' 
'""1966-69, U.S. "pop^ula'tion increased by some 45 million persons and our energy 
use by close, to 800 million metric tons CcoaL^quiv;), ' In the same period 
..Mainland^China's population vveiit^-up^by, nearly 25.0 miliion pe^^^^^ an^ energy* 
consumption by less than 270 miUipn tons^^^All such data show that popula- ' 
tion numbers_.and energy use (or cTi'anges in them) are not ^elated--until the •/ 
income variable i"s introduced . For / income the 'key enei^gy^use determinant.- 

, Nor is the popqlat ion- income, relationship sti^aightforward. 'Population 

growth is often held to have negattive consequences for income growth, partic- 
ularly in poor lands. Indeed this possibility is a maj,or reason, for the 
- existence of COMRATE ! For poor nations a positive population-energy relation- 

. ship is assured when population and per capita 'income have a positive rela- 
tionship. The Report uses only a positive population-energy association, and 
whence precisely this positive income relationship. This is a strange assump- 
tion for a COMRATE panel to adopt implicitly, without discussion^ The other 
demand component, per capita energy consiTmption, is a purely descriptive'" 
variable. It varies, but its values'ha\^e m^an^ng oaly in context with other 
Variables. Thus for the U.S. high .cpnsdmptiori m 1950'may be low in 1970; 
or high' consumption in New Zealand 11^1970' would be low in the U'.S. Critical 
is what energV is lased for, and why\ The characterization, "iqiergy-satu- 
rated," has an emotional, not a'^^ientific thrust. At the leasV,.^ger capita 
energy consumption must be considered with per cap-ita~'~iTicome--j[-afflain the. 
energy-income relationship) bjdt even this would not make per capita energy 



326 



'/I ^ v.; 



consum ption s useful analytic variable. By itself it., has no significance 
for an economy, society, people; its use is romantic, ' not analytic. 

The Report's persistence' in a structure' without^ methodological validity 
imposes a' heavy toll. Herewith a few among many p0ssiJ3l|J .dllustrations-^^- 

1. The Report misinterprets fac%ial matters . - ' 

To my knowledge the Report stands^ aloile in th^/^mponer^t"^ itu;?^\^to 
study energy demand. And it as^umes^ other analyj/^ follow the ^Jpe course. 
Thus it discusses such key studies as those by olnter^^ior and AEC as though ^ . 
they- were not read, certainly not understood! These two project energy esti- 
mates on the bases of GNP and intensity-'type considerations. Their specific 
assumption's on these components are legitimately open to question, . especially . 
'in the'l4ght of later experience. It is true thpy do divide energy/materials 
projection^ by projected populatioji^ and thus, der^ye a per capita consumption 
^igure^,- for descriptive pcprposes. But" this is not a component of^their-'de- 



mand analysis ; Such 



again, seems confined to the Report. 




' ' The Report'j methodology impedes^ its handling of* price elasticity stud- - 
ies. The .Edi^opsbri manuscript (fould bfe helpful to the Report ' s; then|es, but it 
is bisread.': • that. "Study^Csug^e^^^^^ a^ price elasticity th^t 'is relatiy^ly ' 
high" for'ener'gy: -.4 "tp^-^5) anticipates large increases in per capita energy 
• consumption by 1985, its'termitol. date, despite marked relative price in- ^ 
creates in ene-rgy over thjp-^lntervehing period. The fundamental matter here, 
and "m^J&else^^ studies by other scholars,>iis again the domi- 

-^nant -^le of inc^me^ llr'energ)^ consumption. By essentially passing aver the 
' fundam^tal relationship of income arid energy, the Report ^sim^ly misinterprets 
T^^i^A;;^ work. Such tr^tmpnt of factual material is unscientific as ^wella;s;' 
misleading. \' \ 

^ 2. It enjilorses a population-energy fallacy (more population, more energy) 

As Already indicated, the basit interdependences here are complex, 
can be lised in the simplistic (moue people more"energy) fo^rm of the Report 
^'only o/ the assumption that populatiqn growth is always associated with . 
greater per capita income--^4imits''->Cbnsiderations notwithstanding. On the 
oth^/ side, even where both population growth and per capita income |are ^ 
expanding, population does a poor job as a guide for growth, in enerfr cofisump- 
tion,. For energy tends to grow with income, which is assumed to hi growing ^ 
• more rapidly than population, r ' 

The Report exploits ' this pepulation-energy misconception in/a way which 
mocks the COMRATE exercise. Thus the Report illustrates the nature of ^iflulti- 
plication in a table (p. 319) which gives the product o£ altern,at I've popula- 
tion projections to 2000 with- alternative per capita energy consumption 
^levels. - In particular, energy per capita at the 1965 level (which the Report 

obviously- 1 ikes^ for- the future) and- enexgy per capita derived . from an AEC 
-projection for 2000 (a level above 2-1/2 times .the 1965 level and which the 
-Report obviously dislikes) is eacK multiplied by a population estimate for 
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'2000 whi<:h reflects rather r^pid population growth' fot-f^e U.S. The table 
isjmeant tOc, dramatize hGn^/ large is the product wh^n the two high, components 
are multip-lied in contrast to products from-sn^alle-T components . '^'But .result;5/^ 
.firdm multiplication aside, trhe Report has' no concern about using a wide /range, 
of ppr capita energy consumption -^levels -with the same popifl atiorf^ f igiure . - . The' 
possibility that incr^melits in popuJlatlpn will m^an diminishing 'inci:'ements of 
economic and social^ returns happens tp "be a basic concern . of XOMRATE . * ' • 



DemaBir^^ the Report 

The; Re^port presents no pro;^gctioh of its pwn for future energy consump- 
tion. But it^makes $mpJ.;y clear what it considers appropriate orders x)f, mag- 
nitude^ Using^ its^^.,^^^ presents (via the muTtdplication t*able 

|tiiscussedt abpve)\the^^p^ of **re,^jsed popiSlatidn pfajections'J^-a range 

With^sPme current acceptance/ foj the, ye§r 2QD0-\and "credible"] per capita 

Energy .consoifliptiPr). J-eyeis .'.^Th^a is- no defin^Ltioji^of "credibllg"^^ tha% 
it/encompasse^'^ac^tual per capita* levels of the"'^recen^lpast--197^,"'Pr bettife^^ * 
l96^-'-\^xth wffich "we ^ave'already ^cce*ss^ully lived'." Or a "credibly" per 
capita level yielcis »"essdn'tially the same total cons^mp'tion in -2000 .as actu- 
ally occui:'red;in '1970." This wou^d' require an inverse rel^ationship^^etween 
dhanges in populatip^n and in per ^rapit'a use, but th« Report'- also ^cce^ts*, as " 
approp^riate for 2000 "ah increase* of 25 percent overAotal consumption In 

•^1970;" Wh>le this /fexil^^il^ity n;ight thus save (for a while) the%implis^ie 
population-energy rel-a'tioTiship the Report has^ adopted', there is po discus- 
sion,p:^^he, why of any per- c^apita level. A\?5 percent increase is "of quite 
a diffe-rent scale" -from what follows with Int^rio|v_and AeC. per^fcapita^^^fergy 

' pro-feet ionsV:-'"^hese are^'^bighly unreaIisti,5>v"-n^hoirn ^ 



It is important to ask what the Report- does not> how dp "credible" 
projections rellte to GNP? The. Report does ndt advocate a^ Stationary. state or 
even constant per capita income. Rather* it accepts "the possibility of the 
ujs. doubling its, GNP (py 200O) without increasing it,s /total) energy con- 
sumption." Given the Ueportls population* range for 2000, tnis^ would '^mean at 
least a 60 percent increase in per capita , GNP^. It would ailso mean an Int^n- 
sity-of-us« of energy that was , half current levels . Thfese /realities con-^ 
cealed in the Report 's "cred^ible" ^outlQo4c warrant^some qbservation. Doubling 
of GNP means an anijiual rate averaging under 3. percent ; ^her^ is little basis 
for. an average below the 315-4.0 percent for, thi^long period, however much 
of the Report ^believe^s^"ecpnomic growtlj, appifears to have lost much isk^f . its ' ^ • 
ma^i^G as a*'nationals^oal Per capital' ^iaicome- well oAner* 60 percent higher than 
current levels is not readily ;3re£onciTra*„ with 1970 Revels of per^ca|)ita energy 
consumption. That reconciliation, as the 50 ^p^rcent reductionrin intdiisity^ 
demands he^d-on confrontation yith demand patterns^^in theory^ and practi^^e. 

Iij^stead the Report offers wordy and needressly ©oc\tSnded accounts off 
social forces on. the U.S.. s?ene that wi 11^ ^encoiia^^ge more j:^pid expiansioii of 
service sectors 6i the economy' '^ppV Z97 v 300) . It Offers 'some evidence ; A?) " 
of j:fopulap. receptivity 'to cdn'sfervation practices; (<pp. 291-296)., The Report v 
fails to/see tlxat aC^bes^t these are part of intensity-oFf-irse' ch^'gefe which 



.315 . ' . 

have always had much less force. than GNP changes in enerLy consumption. To 
counter factual and analytic, reality,- it needs not a^.ertions but alternative 
demonstrations, .yhe Report .has no tools capable of such 
after statiAg .,that intensity, patterns are not appropriat 
nations, it offers, without discussion ^ that U.S.. energy 
be ^'like New Zealand's.*' 



argument . Indeed , 
sly compared among 
con^umptiom should 



The^ux^of^the matter is that the Report has simpW bought the concfu-' 
sion5>-(5Tthe suppTyi)anels : ''limitations of many nonrenewable resources", 
'ttlie' unlikelihood of high rates -of substi^tion_and_othef technology-dependent 

' iniracles" Given these, why.wor^y about supply and dimand interactions 

in an expanding U.S . ? Demand will- Wehow adjust to '^crddible" levels con- 
sistent with the limitations on thej supply side. This pj^--'-"-- 
for the Report's Qbnclusion, as we |note below. ^ 



ovides the| theme 



Forecastin g Design 

;> ■ : f • ■ ■ . .. - . . . V . 

TlTXJ-Regort's, main objeictives were to eValuate current projections), ' 
identify arei^in need of improvement afid, from its own analysis of demand, 
make "constructive suggestions -for improving forecasting design."' Perfor- 
mance on the first three objectives has already been discussed. On the 
fourth, it offers a relatively remote anil abstract brief chapter (Chapter 
XVII) *to indicate what good .long-term projecting^ forecasting should be. ,In- 
.sofar as thts describes real operaXions, it .calls for more rigor in the, ap- 

•plication of the presently fashionable device of tilternativ^ scenarios. But 
in' no way whatsoever does the argument of this ehkpter bear upon .what the 
Report actually does. Indeed the Report's rel iance -upon tomantic, "credible- 
energy consumption figures for 2000--with improbable income conditions with » 
no:' supporting argument-belittles what -the Report identifies as one of its 

■ mljor objectives. Its "scenario of how these (low levels) may be approached, 
aM "summarized" in a simplistic Yigure 1 (p. 273) makes clear how little 
attention the Report gave even its own vague and general recommendations on 
this key problem. ■ . 

The Report.' s Conclusion ' , • . 

/ The "overriding" conclusion of the Report is that current emphasis on 
expanding energy supply to meet existing demand forecasts, coul-d place an 
"unnecessary hardship on the nation." These "demand projections are exag- 
1.. -J i.ci 1 ..u„4- t-Ua T^oi-irtn i.ii 1 1 -in fart ime . But even this 



gerated" and far exceed what the nation will in fact use. 
"overriding" acknowledgement of the power of supply 'limitations and of the 
acceptability to the nation of the Report's "credible" levels -of. demand is 
hedged.* First, the"expenS. and efforts current ry_^eing' takenand planned 
for energy self-sufficiency should be curtailed" because the supplies xt ^ 
could produce "will not be Required.", Then^ apparently supply can be in- 
creased at high cost and "the nat-ion can be jnduced to consume -thi3ra." 



.|This uqhappy amVivalencc is under!standable : the Repa^<bffers ho sub- 
stance.on the nature of demand and is therefore' in no posffion to interact 
with I supply considerations.. It seems to favor less energy self-sufficiency 
withdut esven posing the question of the benefits of the policy it opposes 
I he R^eport thus deprives COMRATE. of an- opportunity to render basic contribu- 
tions to y.S. minerals policy. Without any way of appraising gains from 
energy/minerals use, of assessing the efforts and costs man is prepared to 
' incur Ito achieve these gains, CdMRATE has been confiaed to the production of 
another, albeit fully-articulated, footnote to Club of Rome, themes. 

■ Theory and history do offer important hypotheses on what makes for popu 
lation growth, for national, product growth, for materials use in-prdduct 
.The seeming .conflict between a fixed stock and an expanding use "fias 'always 
been resplved. Critical is not the number' of man, the amount of material 
but the imagination" and skill with which' man adopts the things he wants 
the metho^^s by which they are -[produced , the number of' people that share 'them 
The world needs, social and e^conomic progress. Only man with his limitless 
conceptual horizons, is able , to balance these needs on a finite planet Man 
IS the most important world- resource;- the quality of mdn is at the core of 
the-problenis of balance in materials supply and^demand. 

By failing to pose the relevant resource . considerations , the Report 
prevented COMRATE and NAS from addressing the basic policy problems in the 
resources area. The critical national policies aru3 programs for i:esources ' 
remain yet to be explored. V - 
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ANNEX I 

GLOSSARY OP RESOURCE TERMS AND ABBREVIATIONS 



'RESOURC€ 



Resource 




A caJcentration ^oX naturally occurring, solid, liquid, or gaseous 
materials in or onVhe earth's crust in such form' that economic 
extraction of a comirtodity is currently or potentially feasible. 



d.entified Resources 



Specifiic bodies of minerXl-bearinjg material whose location, 
quality,, ^and quantity areXknown from geologic evidence supported 
by engineering measurements with. respect to the demonstrated 
category. \ > , . * > 



Undisc^overed Resources ' „■ . 

Ui^specified bodies of mineralv^bearing materia^l surmised to exist 
on the b'asis of broad geologic knowledge and theo:!^>:^ 



Reserve 



\ 



Th^t poVtion of the identified resource from' whic 
mineral and energy commodity can be economically 
extracted at the time of determination, Jhe term 
for reserves of some minerals . ' 



\ 



1 a -usable ' 
and legally* 
ore iis used 
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The- following definitions for measured, indicated, and inferred are appli- 
cable to both the. Reserve and Identified-Subeconomic /resource components.'* 



/ » 



Measured 



Material for which estimates of quality and quantity have been 
computed partly from sample 'analyses and measurements and partly 
.from i^easonable geologic pr6je(jtions . 



Indicated 



\ 



Material fpr which estimates cif the quality and quantity have 
been computed partly from sambLe ana,lyses and measurements and 
partly from reasonable geolog/ic projections. 



Demonstrated 



A collective term for the sij 
•and indicated r(§sources. 



of materia-ls in both measured 



\ 



Inferrec 



J 



Matlerial in unexplored extensions of Demonstrated resources 
for which estimates o:fe,, thd quality and size are based on geo- 
logic evidence and prbjection. , ' 



Identified-Subeconomic Resourdes 



Materials that are not Reserves , ' bik may "become so as a re sup 
of changes in economic alid legal conditions . 




Earamarginal 




The portion of Subecoi/omic Resources that (a) torders on b^ing 
econqmically producible, or (b) is not commercially available 
solely because of le^al or political cdrcumstahces . 



*The terms proved, prob^/le, andvpossible (used bv/_ the industry for, economic 
evaluations of ore in ^gcific deposit^ or districts) commonly have beqn used 
loosely and interchangeably with the terms measured, indicated, and interred 

. Cused' by the Department of the ' Iiiterior mainly /for regional or national esti- 
mates) . / " 
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Submarginal 
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\ 



The Rortionlof Subeconomic Resources which would require a aub- 
stantiM^y Higher price^ (more than l_^5__tijii^s' the price at th^ 
time ofyeteVmrnation) or a major co'ff" reducing advance in tech- 
nology. \ ^ \ ' ^ \ - ' 




Hypothetical Resourbes— ^ . ^' j 

Undiscovered materials that mayxreasbnably be expected to exist 



in a known- mining district .under knowli geologic conditio^i^ 
Exploration that confirms their .existence and reveals quant 
and quality will permit;- their reclassification as a RoGervq 
Identified-Subeconomic resource. 



ity 



Speculative Resources ' ^ 

X. \ Undis'covered materials that m^y occur either in known type/s of 
deposits in a favorable geologic setting where no diseovei'ies 

have-been made, or in as >et unknown types of deposits tMt remain 

to be recognized. Exploration that confirms their existence and 
reveals quantity and quality will permit their reclassif i|:ation 
as Reserves or Identified-Subeconoqiic resources . 

' ABBREVIATIONS, METRIC UNITS, AND CONVERSION FACTORS USEd/iN THIS REPORT 

Meter (m.) - the' basic unit ^ ' 
^ m. == 3.28>feet . 



Kilometer (km.) = 1,000m 
1 km. =.3.28 feet ' 
-= 0.62 mile 



/ 



Area 



Square Meter (jp^) 

Y 1 m2 = 10.76 ft. 2 

Square Kilometer (km^) = 1,000,000 m^ 

1 km2,.= 0. 3^6 mi. 2 . 

Volume • . 



Cubic meter (m^) 

1 m^ = 35.3 ft.? 



l ass S Weight 

Gram (g. ) - the basic unit 
JCno^ram. (kg^O - ;1,000 g; 



TTJ-lBsl 
Tonne (metric ton) =1^000 kg. 
1 tonne =1.1 ton 

= 0.98 long ton 
= 7.5 bbl. oil (averager 




^Area Density 



9 

Kilogram per square meter fkg/m^). 

■ l'kg/m2 = 0.21 lb/ft. 2 
tonne per square kilometer (tonne/km^) 
1 tonne/km^ = 2?^ tons/mi^. 



Grade 



Weight percent (wt.% or w/6) 

100 wt.% = 6.8 bbl/ton = 276.4 gal/ton 
= 10,000 ppm. .- " 



Energy^ 



Calorie fcal . j . 

^ 1 cal. = 0.00397 BTU 

= "^0. 00116 watt-hour 
Kilogram calorie (k^S^l) - the »»food calorie** 
4 1 kcal. =3.97 BTU 
■"^ =1.1 watt-hour. 

" = 0.00116 kwh. 



i,(yoo cal 



Specific Energy 

Calorie per gram (cal/g) ^ 
1 cal/g. =1.8 BTy/lb. 



*Note- Calories Ire ^non-stapdard units. The standard (mks) metric unit 
is the joule: 1 joule = 0.7386 cal; 1 watt = 1 joule per- secand. 
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John ,R/ Babey 
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